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Preface

This is the harmonized ANCE, CSA Group, and UL standard for fire pump controllers. It is the second
edition of NMX-J-626-ANCE, the second edition of CSA C22.2 No. 263, and the third edition of UL 218.
This edition of NMX-J-626-ANCE supersedes the previous edition published on September 28, 2009. This
edition of CSA C22.2 No. 263 supersedes the previous edition published in 2009. This edition of UL 218
supersedes the previous edition published in 1999.

This harmonized standard was prepared by the Association of Standardization and Certification, (ANCE),
CSA Group and Underwriters Laboratories Inc. (UL). The efforts and support of the Technical
Harmonization Committee for Fire Pump Controllers, CANENA THSC 17B WG4, of the Council on the

Harmonizatio

n of Electrotechnical Standards of the Nations of the Americas (CANENA)

are gratefully

acknowledge

This standard
standard.

The present |

choque eléctiico from the Comite de Normalizacion de la Asociacion de Normalizacion

A.C., CONAN

This standard
the CSA Tec
Requirements
This standarg
This standard
218.

This standarg
National Stan

Application of standard

A UL standa
itemized on th

Where refere
considered a

.

is considered suitable for use for conformity assessment within the stateqg

lexican Standard was developed by the CT 64 Instalaciones\eléctricas y pro

CE, with the collaboration of the fire pump controllers manufactures and users

was reviewed by the CSA Subcommittee for Fire Rump Controllers, under the
hnical Committee on Industrial Products and the CSA Strategic Steering
for Electrical Safety, and has been formally ‘approved by the CSA Technig
was reviewed and approved by the Committee de Normalizacion of ANCE
was reviewed by UL's Standards Technical Panel (STP) for Fire Pump Cd

has been approved by the American National Standards Institute (ANSI) a
pard.

d is current only-if it incorporates the most recently adopted revisions, al
e transmittal‘notice that accompanies the latest set of revised requirements.

nce issmade to a specific number of samples to be tested, the specified nu
Minimum quantity.

scope of the

teccidon contra
Certificacion,

b jurisdiction of
Committee on
al Committee.
(CONANCE).
ntrollers, STP

5 an American

of which are

mber is to be

Note: Al
the resp

onsibility of the users of the standard to judge its suitability for their particular purpose.

Level of harmonization

though the intended primary application of this standard is stated In its scope, it is important to note that it remains

This standard uses the IEC format but is not based on, nor shall it be considered equivalent to, an IEC
standard. This standard is published as an equivalent standard for ANCE, CSA, and UL.

An equivalent standard is a standard that is substantially the same in technical content, except as follows:
Technical national differences are allowed for codes and governmental regulations as well as those
recognized as being in accordance with NAFTA Article 905, for example, because of fundamental climatic,
geographical, technological, or infrastructural factors, scientific justification, or the level of protection that
the country considers appropriate. Presentation is word for word except for editorial changes.
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Reasons for differences from IEC

This standard provides requirements for fire pump controllers for use in accordance with the electrical
installation codes of Canada, Mexico, and the United States. At present there is no IEC standard for fire
pump controllers for use in accordance with these codes. Therefore, this standard does not employ any
IEC standard for base requirements.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is
based on the literal text to determine compliance with the standard in accordance with the procedural rules
of the standards development organization. If more than one interpretation of the literal text has been
identified, a rgvision is to be proposed as soon as possible to each of the standards|development
organizations {o more accurately reflect the intent.
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INTRODUCTION
1 Scope

1.1 Products covered

1.1.1  These requirements cover controllers intended for starting and stopping centrifugal and positive
displacement fire pumps, including automatic and non-automatic types for electric motor with or without
transfer switch or engine driven pumps in accordance with Annex A, item 1. Types of controllers covered
include diesel engine, electric motor, limited service, medium voltage and residential. Controllers may be
suitable for use as service equipment. This equipment is for installation in non-hazardous locations in

accordance with Annex A, item 2.

1.1.2 Contrg
or wound rotg

llers for electric motor driven, centrifugal fire pumps are intended for use, wit
r motors rated 600 V or less. Controllers for squirrel cage motors may' be for

or reduced infush current starting. Controllers may be provided with integral automatic trans

1.1.3 Variab
for use with s
60 Hz.

1.1.4 Limite
kW (30 hp) or
1.1.5 Mediu

7.2KVAC.

le speed fire pump controllers for electric motor driven, centrifugal fire pump
nuirrel cage induction, inverter duty rated motors rated 600, V-0r less, and ratg

] service controllers are intended for across-the-line starting of squirrel cage n

m voltage fire pump controllers are intendéed for use with squirrel cage motors|

1.1.6 Residéntial fire pump controllers are intended for use with single-phase squirrel cag

240 V or less
in accordance

1.1.7 Diese
pump engineq

1.2 Product

1.2.1 An au
from a contro

Residential fire pump controllersare intended to be used in one or two family
with the requirements of item35 in Annex A.

engine fire pump controllers rated nominal 24 V DC or less are intended fg
. Where required,-AC voltage is limited to 600 V AC or less.

s not coveréd

tomatic\transfer switch intended to be used in fire pump circuits, that is pro
er.

!

squirrel cage
cross-the-line
er switches.

5 are intended
d for 50 Hz or

otors rated 22

less, 600 V or less. Controllers may be provided.with integral automatic transfer switches.

rated 601V —

e motors rated
dwelling units

r use with fire

ided separate

Note: Stand-alone automatic transfer switches for fire pump circuits are covered by the requirements of item 11, Annex A.

2 Normative References

2.1

Products covered by this standard shall comply with the referenced installation codes and standards

noted in Annex A as appropriate for the country where the product is to be used. When the product is
intended for use in more than one country, the product shall comply with the installation codes and
standards for all countries where it is intended to be used.

2.2 Where reference is made to any Standards, such reference shall be considered to refer to the latest
editions and revisions thereto available at the time of printing, unless otherwise specified.
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3 Units of Measurement

3.1

4 General Requirements

41 General

411

In Canada, requirements applicable to this Standard are given in item 17 of Annex A.

4.2 Components

The values given in SI (metric) units shall be normative. Any other values are for information only.

4.2.1 A component of a product covered by this standard shall comply with the requirerlnents for that

component.

covered by this standard. A component shall comply with the ANCE, CSA, or UL standards ¢

for the count
5 Definition

5.1 For the
definitions listd

5.2 AUKXILIA

5.3 CENTRI
centrifugal for

5.4 CIRCUIT

Circuit
circuit
breake

Circuit
open t
properl

Thermal-Magnetic Circuit breaker — A device designed to open and close a ci

automd

FUGAL PUMP — A pump in which the pressure is developed principally by

e Annex B for a list of standards covering components generally used”in

where the product is to be used.

purpose of this standard, the following definitions apply. In Canada, in a
d in this standard, the definitions of item 2 in Annex-A also apply.

RY CIRCUIT — Circuits not essential for the performance of the fire pump contr

e.

BREAKERS
breaker (as applied to firepump controllers) — For the purposes of this stang

breaker (disconnecting \means) refers to either thermal-magnetic or invers
s (for residential fireqpump controllers only) or to instantaneous-only circuit bre

he circuit automatically on a predetermined overcurrent without damage
y applied within its rating.”

ticcmeans, and to open the circuit automatically on a predetermined overcur

the products
s appropriate

ddition to the

oller.

the action of

jard, the term
e time circuit
akers.

breaker — A device designed to open and close a circuit by nonautomatic means and to

o itself when

rcuit by non-
ent (overload

and sh

brtcircl |if), without dnmngp toitself when pmpprly npplipd within its mfing

Inverse Time (as applied to circuit breakers) — A qualifying term indicating that there is purposely
introduced a delay in the tripping action of the circuit breaker, which delay decreases as the
magnitude of the current increases."

Instantaneous-Only Circuit breaker — One intended to provide short circuit protection only.

Instantaneous Trip (as applied to circuit breakers) — A qualifying term indicating that no delay is
purposely introduced in the tripping action of the circuit breaker."

) 5.4, 5.6 and 5.15 originated, in part, from Article 100 of the 2011 edition of NFPA 70. Reprinted with permission from NFPA 70-
2011, National Electrical Code, Copyright © 2010, National Fire Protection Association, Quincy, MA. This reprinted material is not the
complete and official position of the NFPA on the referenced subject, which is represented only by the standard in its entirety.
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5.5 CONTROL CIRCUIT — A circuit that carries the electric signals directing the performance of a fire
pump controller, but which does not carry the main power circuit. A control circuit is generally limited to 15

A

5.6 CONTROLLER (Electric motor) — A device or group of devices that serves to govern, in some
predetermined manner, the electric power delivered to the apparatus to which it is connected."

CONTROLLER (Diesel engine) — A device or group of devices that serves to govern, in some
predetermined manner, the engine power delivered to the apparatus to which it is connected.

5.7 CONTROLLER - LIMITED SERVICE — A controller that is limited in application when approved by
the authority having jurisdiction, as defined in 1.1.3.

5.8 CURRH
breaker, limit

5.9 DISCON

of a circuit cafp be disconnected from their source of supply.

5.10 DROP

5.11 ENCL(
against incide
specified envi

5.12 ISOLA]
has no interru
other means.

5.13 READI
without requin

portable laddgrs, and so forth.

5.14 SERV
constructed s
switch or a ci
operated whe

In Mexico and

NT LIMITERS - Melting link-type devices that, when used as an integral’p
he current during a short circuit to less than the interrupting capacity of-the' cirg

NECTING MEANS - A device, or group of devices, or other means by which {

OUT RELAY - A relay that, when de-energized, initiates the control function.

DSURE — The case or housing of apparatus constructed to provide a degre

art of a circuit
uit breaker.

he conductors

b of protection

ntal contact with the enclosed equipment, and\to provide a degree of protection against

ronmental conditions.

[ING SWITCH — A switch intended for isolating an electric circuit from the sou
pting rating, and it is intended to be.operated only after the circuit has been op

LY ACCESSIBLE — Capable-of being reached quickly for operation, renewal,
ng those to whom ready-access is requisite to climb over or remove obstacles

CE BOX (For €anada) — An approved assembly consisting of a metal bo
p that it may.be-effectually locked or sealed, containing either service fuses
Fcuit breaker;*and of such design that either the switch or circuit breaker ma
h the box\s closed.

the ‘United States, this definition does not apply.

ce of power. It
ened by some

or inspections
or to resort to

or enclosure
and a service
y be manually

5.15 SERVICE EQUIPMENT (For Mexico and the United States) — The necessary equipment, usually
consisting of a circuit breaker(s) or switch(es) and fuse(s) and their accessories, connected to the load end
of service conductors to a building or other structure, or an otherwise designated area, and intended to
constitute the main control and cutoff of the supply.”

In Canada, this definition does not apply.

5.16 SERVICE EQUIPMENT (For Canada) — In addition to 5.14, the service circuit breaker or fused
switch is located in a service box.

In Mexico and the United States, this definition does not apply.
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5.17 TRANSFER SWITCH (AUTOMATIC) — Self-acting equipment for transferring the connected load
from one power source to another power source.?

2) 5.17 originated from the 2013 edition of NFPA 110. Reprinted with permission from NFPA 110-2013, Standard for Emergency and
Standby Power Systems, Copyright © 2013, National Fire Protection Association, Quincy, MA. This reprinted material is not the
complete and official position of the NFPA on the referenced subject, which is represented only by the standard in its entirety.

5.18 MEDIUM VOLTAGE - (For Mexico and the United States) An AC voltage in the range of 1501 to

7200 V.

For Canada — An AC voltage in the range of 751 to 7200 V.

Note: Th

CONSTRUCT]

6 Constructjon

6.1 Enclosu

6.1.1 A fire

equipment. The enclosure shall be constructed to provide stréngth and rigidity required

abuses to whi
injury to perso

6.1.2 Enclos

6.1.3 Anend
specified in An

6.2 Spacing

6.2.1 Electriq
walls shall be

6.2.2 For pripted circuittwiring boards, the minimum spacings shall be as specified in Table

6.2.3 The sp

res

b applicable installation codes will in some cases refer to this voltage range as “high-voltage”.

ON

pump controller assembly shall be securely moufted in an enclosure tha

Ch it is subjected without total or partial collapséyresulting in a risk of fire, ele
hs due to reduction of spacings, loosening ordisplacing of parts, or other serio

losure shall comply with the reguirements for an environmental rating, exclud
nex A, item 3.

al spacings throdgh air, over surface, and between uninsulated live parts and
ht least those specified in Table 1.

acings at a field-wiring terminal shall be measured with wire connected to the

protects the
to resist the
ctric shock, or
s defects.

Lires for fire pump controllers shall comply with the requirements in Annex A, itém 9.

ng Type 1, as

the enclosure

1.

terminal as in

service. The

connected wire shall be the next Iargpr size than nnrmally rpquirpd if thd

terminal will

accommodate

6.2.4
shall apply to:

it, or if the equipment is not marked to restrict its use.

In Mexico and the United States, the spacings specified in Table 1 for devices having limited rating

a) Devices rated 0.75 kW (1 hp) or less; 720 VA or less (break pilot duty); or not more than 15 A at
51-150V,10 Aat 151 -300V, or 5 A at 301 — 600 V; or any combination thereof;

b) These same devices, when multipole and controlling more than one load, provided that the total
load connected to the line at one time does not exceed 1.5 kW (2 hp), 1440 VA, or have a current
rating greater than 30 A at 51 — 150 V, 20 A at 151 — 300 V, or 10 A at 301 — 600 V, and provided
also that the loading on any one pole does not exceed its marked rating.

In Canada, reduced spacings for limited ratings are only allowed in control circuits.
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6.2.5 In a circuit involving voltages of 50 V or less, spacings at field-wiring terminals may be 3.2 mm
(0.125 inch) through air and 6.3 mm (0.25 inch) over surface.

6.2.6 In a circuit involving voltages of 50 V or less, other than field wiring terminals, the spacings shall be
1.6 mm (0.06 inch) through air or over surface, provided that the insulation and clearances between such
circuits and any circuits of more than 50 V are in accordance with the requirements for the higher voltage
circuit.

6.3 Insulating barriers

6.3.1 An insulating barrier or liner used as the sole separation between uninsulated live parts and
grounded dead metal parts, including the enclosure, or between uninsulated live parts of opposite polarity
shall be of a material specified in Table 14.

6.3.2 An ingulating barrier or liner that is used in addition to not less than one-half the required spacing
through air shiall be of a material specified in Table 14 and shall:

a) Be ¢f a material that is intended for the support of uninsulated live parts;
b) Hae the mechanical strength required to withstand mechanicaldamage;

c) Be held in place; and

d) Be located so that it is not adversely affected by opetation of the equipment in service.

6.3.3 Insulafing barriers or liners having a thickness:less than that specified in Table 14 may be used
when subjectéd to the Barrier Dielectric Strength Testin 7.9.

6.4 Field wiring terminals

6.4.1 A controller shall be provided:with wiring terminals for connection of conductprs having an
ampacity or wire size not less than the following:

a) For|power circuits, 125percent of the full-load motor current specified in Table 2 and Table 3 for
the hofsepower rating-or,/in the case of power conversion equipment in which the ipput current is
differept from motor.full<load current, 125 percent of maximum rated input current;

b) For|service useé not less than 5.3 mm? (10 AWG); and

c) For [contrat circuits not less than 2.1 mm? (14 AWG).

See Table 5 for field conductor ampacities.

6.4.2 All wiring terminals intended for field connection shall:

a) Be evaluated in accordance with Annex A, items 7 and 12, and marked for the wire size or
range;

b) Be part of a device evaluated and marked for the wire size or range; or

c) Comply with the secureness and pullout requirements of 6.4.5 for the next larger size conductor
than that specified in 6.4.1, unless the equipment is marked to restrict its use to only the smaller
size conductor.

6.4.3 A terminal to which field wiring is to be connected shall be a pressure wire connector.
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6.4.4 A terminal to which 5.3 mm? (10 AWG) or smaller wiring connections are to be made may consist
of a clamp or wire-binding screw with a terminal plate having upturned lugs or the equivalent to hold the
wire in position. See 6.4.6 —6.4.10.

6.4.5 A field-wiring pressure wire connector provided with or specified for use with industrial control
equipment shall comply with one or more of the following, as applicable:

a) The performance requirements in Annex A, item 6 (see 16.12);
b) The performance requirements in Annex A, item 7; or

¢) The performance requirements in Annex A, item 12.

6.4.6 A wire-pinding screw to which field-wiring connections are made shall be No. 8 or.larger.

6.4.7 A No. 6 screw may be used at a terminal intended only for connection of a'2.1 mm? (14 AWG)
conductor or smaller.

6.4.8 A term|nal plate tapped for wire-binding screw shall be of metal notless than 0.76 min (0.030 inch)
thick for a 2.1 mm? (14 AWG) or smaller wire, and not less than 1.27 mm.{0.050 inch) thick far a wire larger
than 2.1 mm? (14 AWG). There shall be at least two full threads in the’plate.

6.4.9 For a tg¢rminal plate formed from stock having the required‘thickness specified in 6.4.8, one method
of complying with the thread requirement of 6.4.8 is to have,the metal extruded at the tappgd hole for the
binding screw [to provide two full threads.

6.4.10 A wirg-binding screw shall thread into metal.
6.5 Grounding

6.5.1 In Mexjco and the United States, all"controllers shall have provisions for grounding all non-current-
carrying metal parts that are exposed ‘er that are located in a position to be contacted by persons during
normal operatjon or adjustment of the equipment and that are capable of becoming energized.

In Canada, this requirement doés not apply.
6.5.2 In Cangda, the-requirements for bonding as specified in Annex A, item 19, shall apply|

In Mexico and|the United states these requirements do not apply.

6.5.3 The grounding and bonding terminology used in this standard is in accordance with the UL column
in Figure 1. The corresponding CEC and ANCE terms are also provided.

6.5.4 Controllers shall be provided with a terminal or an equivalent means for connecting an equipment
grounding or bonding conductor except as provided in 6.5.6. A terminal shall be sized for a grounding or
bonding conductor as specified in Table 7.

6.5.5 In Canada, the following requirements amend Table 7:
a) The use of aluminum wire shall not be permitted;

b) The values in brackets [xx] for size of equipment grounding or bonding conductor shall apply;
and
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c) Footnote (c) does not apply.

In Mexico and the United States, Table 7 is not amended.

6.5.6 A terminal need not be provided with a controller that is marked to indicate the pressure wire
connector or component terminal kits that are intended for use with the controller. A wire connector of the
type mentioned shall be installed in the equipment at the factory with instructions, if required, for proper
connection to the conductor. A terminal kit shall be described in the instructions by model number and
manufacturer's name.

6.5.7 A wire-binding screw intended for the connection of a field-installed equipment grounding
conductor shall have a green colored head that is hexagonal, slotted, Robertson, Phillips, Allen, Torx™, or
any combinatfon. See 6.4.6 — 6.4.10.

6.5.8 A terminal intended for connection of an equipment grounding or bonding conductor ghall be plainly

identified with{the symbol

(IEC Publication 0417, Symbol 5019)

or

(IEC Publication 60417, Symbol 5017)
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orwith "G," "GR," "GRD," "Ground," "Grounding," or other equivalent marking.

6.6 Service

6.6.1

equipment

In the United States, controllers for use with electric motor driven fire pumps and intended for use

as service equipment shall comply with the requirements in Annex A, item 10. See 16.9 and 16.10 for

markings.

In Canada and Mexico, this requirement does not apply.

6.6.2

6.7 Wire be

6.7.1 Thed
field installed

indicated in T3
connector, in t

6.7.2

In Mexico and

6.7.3 Ther

connector or t

6.8 Internal

6.8.1
and grouping

In Can

In Can

Insulat

hda, a separate service box is required.
nding space

i
v

stance between the end of a pressure wire connector or terminal block for cg
vire and the wall of the enclosure toward which the wire is directed shall be not
ble 4. The distance shall be measured in a straight line from the centre of the

he direction in which the wire leaves the terminal, perpendicular to the enclosu

hda, the wire bending space required by 6.7.1 shall\be determined by Annex A
the United States, this requirement does not-apply.

Iquired bending space shall be basedion the size of field wire to be con
rminal in accordance with 6.4.

wiring, busbars, and connections

bd conductors shall be suitable for the service intended with respect to voltage
Conductors shall be copper and shall be not smaller than 0.2 mm? (24

nnection of a
less than that
bpening in the
e wall.

item 20.

hected to the

temperature,
L AWG). The

temperature rating shall be notess than 90°C (194°F) unless investigation proves the suitability of other

conductors.

6.8.2 There
a part of the ¢
other apparatu

6.8.3

juirements‘ef 6.8.1 apply only to the wiring furnished on or in industrial control
quipment) They do not apply to the supply wiring run to control equipment, to
S.

equipment as
motors, or to

In Mexico and the United States, for motor and control-circuit applications, the use of Table 9 as a

guide in selecting the conductor sizes in a controller may obviate the need to perform a temperature test

on the wire. S

ee temperature test in Annex A, item 9.

In Canada, for motor and control circuit applications, the use of Table 2 in Annex A, item 2, for selecting
the conductor sizes, shall obviate the need to perform a temperature test on the wire.

6.8.4 Conductors that are in a circuit only during the motor starting period are not required to be sized for
continuous duty but shall be sized according to their duty cycle.

6.8.5 Notwithstanding 6.8.1, conductors smaller than 0.2 mm? (24 AWG) shall be permitted for wiring of
printed circuit boards and interconnecting wiring between electronic modules and subassemblies.
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6.8.6 Conductors in an assembly intended for use in a complete enclosure shall be insulated for the
highest voltage normally occurring between such conductors unless the wires are grouped so as to
segregate the several voltages.

6.8.7 Wires shall be supported or secured or otherwise run in suitable raceways, in order that they will
not come into contact with moving parts or rest on sharp edges or projections that might cause abrasion of
the insulation. Wires shall be of flexible or extra-flexible construction where they make connection to
electrical equipment mounted on a hinged door. If the flexing section of the wiring is liable to come in
contact with grounded metal parts, that portion of the wiring shall be given additional protection with
wrappings of tape or the equivalent or enclosed in nonmetallic flexible tubing or conduit.

6.8.8 Additional insulation is not required if the test described in 7.5 is completed without evidence of

damage to th¢ wiring.

6.8.9
of other circui
6.8.10 A bs

required else
tubing.
6.8.11 All bu

6.8.12 Al H
conductors w

6.8.13 Fuse

6.8.14 Clam
be provided W

Internal wiring shall not be in contact with bare live parts of opposite polarity‘ar with

S.

re conductor, including pigtails and coil leads, shall be supported so that
where in this Standard will be maintained unless coveredcby-suitable insulati

sbars and connections shall be readily accessible @fter installation of the contr

usbars and connections shall be arranged s0 that disconnection of the ¢
[l not be required.

5 shall be readily accessible.

ith smooth, well-rounded edges. The clamping action and bearing surface sha

abrasion or cgld flow of the insulation does not occur. Auxiliary nonconducting mechanical g

be provided U
less than 0.8

6.8.15 Insul
one or more

6.8.16 Al s

mm (1/32 inch) thick-and having no overall braid.

hted grounding and bonding conductors shall be identified by the color green
ellow stripes:' No other leads shall be so identified in the field wiring area.

lices'and connections shall be mechanically secure and shall provide electrica

bare live parts

the spacings
ng sleeving or

pller.

xternal circuit

ps and guides, either metallic,or-nonmetallic, used for routing stationary interpal wiring shall

Il be such that
rotection shall

nder a metallic clamp*that exerts pressure on a conductor having thermoplastic insulation

with or without

| continuity.

6.8.17 Elec
soldered joint

rical connections shall be soldered, welded, crimped, or otherwise securely
shall be mechanically secure before soldering.

connected. A

6.8.18 A printed wiring board joint is not required to be mechanically secure before soldering.

6.8.19 Alea

d shall be considered to be mechanically secure when it is:

a) Wrapped at least halfway (180 degrees) around a terminal,

b) Provided with at least one right angle bend when passed through an eyelet or opening; or

c) Twisted with other conductors.

6.8.20

If stranded internal wiring is connected to a wire-binding screw, the construction shall be such that

loose strands of wire cannot contact other uninsulated live parts not always of the same polarity as the
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wire, and de-energized metal parts. This may be accomplished by any acceptable means, including use of
machine- or tool-applied pressure terminal connectors, soldering lugs, or crimped eyelets, or soldering all
strands of the wire together.

6.8.21 In Mexico and the United States, a splice shall be provided with insulation equivalent to that of the
wires involved.

In Canada, splices are not allowed.

6.8.22 In determining if splice insulation consisting of coated-fabric, thermoplastic, or other types of
tubing is acceptable, consideration shall be given to electrical and mechanical properties, including
dielectric voltage-withstand ability, heat resistance, and moisture resistance. Thermoplastic tape shall not
be wrapped o\er a sharp edge or connection.

6.9 Provisions for use of test instruments

6.9.1 Means]|shall be provided on the exterior of the controller to read all line currents and all phase-to-
phase voltageg within £5 percent of full scale.

6.10 Contro] circuit

6.10.1 Circdits that are necessary for proper operation of.thé controller shall not have overcurrent
protective dev|ces connected in them.

6.10.2 The secondary of a control transformer shall becingrounded except as required in 10.5.1.%

3) 6.10.2 originat¢d from 10.3.5.2 of the 2010 edition of NERA 20. Reprinted with permission from NFPA 20-2410, Standard for
Installation of Stgtionary Pumps for Fire Protection, Copyright © 2009, National Fire Protection Association, Quincy, MA. This
reprinted material|is not the complete and official position-of the NFPA on the referenced subject, which is represg¢nted only by the
standard in its entjrety.

6.11 Auxiliafy circuits

6.11.1  An aukxiliary circuit shall'be provided with overcurrent protection in accordance with Annex A, item
2. Failure of alixiliary circuitssshall not prevent the controller from starting the fire pump.

6.12 Manual controls

6.12.1  All switehing equipment for manual use in isolating, connecting or disconnecting,|or starting or
stopping the motor shall be externally operable.

6.13 Surge arresters

6.13.1 A surge arrester complying with Annex A, item 14, or Annex A, item 15, shall be installed from
each line to ground. These devices shall be rated to suppress voltage surges above the rated line voltage
of the controller.

6.13.2 Notwithstanding 6.13.1, a controller rated in excess of 600 V is not required to be provided with a
voltage surge arrester.

6.13.3 Notwithstanding 6.13.1, a voltage surge arrester is not required to be provided when the controller
is capable of withstanding a 10 kV impulse in accordance with Annex A, item 16, without damage.
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6.14

6.14.1

Isolating switch

The isolating switch shall have an ampere rating at least 115 percent of the motor rated full-load

current as determined from Table 2 and Table 3; and shall be a manually operable switch that complies
with Annex A, item 4, or a molded case switch that complies with Annex A, item 8. See 16.5 for marking.

6.14.2

A molded case isolating switch provided with self-protecting instantaneous short circuit

overcurrent protection complies with 6.14.1 when the switch is such that it does not trip unless the circuit

breaker in the

same controller trips.

6.14.3 Anisolating switch shall be externally operable.

6.14.4 Aho
as the isolatin

6.14.5 In M{
provided with
latch in order

In Canada, a
16.5.

6.14.6 Forg
switch is not ¢

sepower or kW rated motor circuit switch complying with Annex A, item 4, ma
g switch.

xico and the United States, a non-load break rated isolating switchropeérating h
a spring latch that shall be so arranged that it requires the simultaneous rg
0 open or close the switch and that shall be marked as per 16:5.

construction with the isolating switch and the,circuit breaker so interlocked th
apable of being opened or closed while the circuit breaker is closed, the latch

in 6.14.5 are not required.

6.14.7 Whe
markings in 6]

6.15 Circuit
6.15.1 The
8, connected

circuit condud

6.15.2 Acirq

N a load break rated isolating switch«orF a switch complying with 6.14.4 is used
14.5 are not required.

breaker — disconnecting.means

motor branch circuit shall be protected by a circuit breaker that complies with
directly to the load-side of the isolating switch with one pole connected to ead
tor.

uit breaker-shall have the following mechanical characteristics:

a) Be

T

xternally operable and resettable (see 6.16.1(c));

y also be used

andle shall be
leasing of the

h isolating switch shall be interlocked with the circuit/breaker and shall be arked as per

at the isolating
and markings

, the latch and

IAnnex A, item
h ungrounded

fraa ~f

b) Be

e
Moot o1

thao
T

c) Be marked in accordance with 16.7.

6.15.3 The electrical characteristics of the circuit breaker disconnecting means shall:

a) Have a continuous current rating not less than 115 percent of the rated full-load current of the

motor;

b) Have non-thermal type overcurrent sensing elements, if provided;

c) Be of the instantaneous-only circuit breaker type with an instantaneous trip setting of not more
than 20 times the full-load current to allow normal starting or emergency run mechanical starting of
the motor without tripping; and

d) Be adequate to provide the short circuit rating of the controller, as determined by testing per 7.1.
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6.15.4 Acirc

uit breaker shall not trip when:

a) Starting a motor from rest in the across-the-line (direct-on-line) mode, whether or not the

control

ler is of the reduced inrush starting type; and

b) Power is interrupted from a running pump motor, or if the pump motor is restarted in less than 3
seconds after being shut down. If a control circuit preventing a motor re-start within 3 seconds is
provided, this requirement shall not apply.®

4) 6.15.4 originated from 10.4.3.3.1.1 and 10.4.3.3.1.2 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-
2013, Standard for Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association,
Quincy, MA. This reprinted material is not the complete and official position of the NFPA on the referenced subject, which is
represented only by the standard in its entirety.

6.16 Locked

6.16.1 Lock
between the |

characteristicd:

a) Be
locked

b) Hav
percen

c) Be
made;

d) Be
unchar

e) Trip
6.15);

) Calib

5 Item (b) of 6.16
2013, Standard f

Quincy, MA. Thig reprinted~material is not the complete and official position of the NFPA on the referenced

represented only

rotor overcurrent protection

bd rotor overcurrent protection sensing shall be located withip, 'the fire pu
bad side of the isolating switch and the controller output terminals and have

pf the non-thermal time delay type having a trippingtime between 8 and 2
rotor current. (Unless otherwise specified, this is 600 percent of rated full-load

b a tripping characteristic such that tripping shallxhot occur within 3 min ata m
F of rated full-load current;

rovided with visual means or markings that clearly indicate that proper settin
resettable for operation immediately after tripping, with the tripping (¢
ged;

bing shall be accomplished by opening the circuit breaker (disconnecting
ration (trip and hald)currents) shall apply to all poles of the locked rotor protect
.1 originated from item (1)(b) of 10.4.4 of the 2013 edition of NFPA 20. Reprinted with permissig

br Installation™ of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Proted

y the standard in its entirety.

mp controller
the following

0 seconds at
current.);

nimum of 300
gs have been

haracteristics

means). (See

n from NFPA 20-
tion Association,
subject, which is

6.16.2 The locked rotor overcurrent protection shall be subjected to the test described in 7.8.

6.17 Motor starting means

6.17.1 Fullv

6.17.1.1

oltage starting

contact in each ungrounded conductor.

A motor contactor that complies with Annex A, item 18, shall be of the magnetic type with a

6.17.1.2 For controllers rated 600 V or less, the operating coil for the main contactor shall be supplied

directly by the

primary supply circuit.
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6.17.2 Reduced voltage starting
6.17.2.1 Areduced voltage controller shall comply with Annex A, item 18.

6.17.2.2 For electrical operation of reduced voltage controllers, timed automatic acceleration of the
motor shall be provided. The period of motor acceleration shall not exceed 10 seconds. After 10 seconds
the fire pump controller shall apply full line voltage to the motor.

6.17.2.3 For controllers rated 600 V or less, the operating coil for the contactor (s) shall be supplied
directly by the primary supply circuit.

6.17.2.4 Staring resistors shall be designed to permit one 5 second starting operation in each 80
seconds for a|period of not less than 1 hour. This requirement shall not apply to the transitiop resistors in a
wye-delta closed transition controller.

6.17.2.5 A gtarting reactor or autotransformer shall permit one 15 second starting operation every 240
seconds for a|period of not less than 1 hour. Alternately, a controller over 132 kW(200 hp) shall allow three
30 second stgrts separated by 30 second rest intervals in each hour for 2 hours.

6.17.2.6 Soft start units shall be horsepower rated or specifically designed for the service.
6.17.2.7 The bypass contactor shall comply with 6.17.1.1.
6.17.2.8 Soft start units shall comply with the duty cycle requirements in accordance with 6.17.2.5.

6.17.2.9 Afire pump controller employing a reduced voltage starting means shall also comply with 6.21.3
for emergency run control.

6.17.2.10 For wye-delta or part winding start motors, the starting contactor shall be rated ap follows:
a) Parf winding: each contactof, carries no less than 50% of the motor FLA;

b) Wye-delta: line contacters carry no less than 58% of the motor FLA. Wye contagtor carries 33
percent;

c) For|primary resistor, auto-transformer, primary reactor and soft start carry no less than 65% of
motor FLA. Aute<transformer neutral contactor carries no less than 25% of motor FLA; and

d) Cloged\transition wye-delta transition contactor current is at least equal to 58% of the rated line
voltage divided by the transition resistor resistance.

6.17.2.11 A fire pump controller employing a wye-delta reduced voltage starting means shall be electrical
and mechanically interlocked.

6.17.3 Ratings

6.17.3.1  Running contactors shall be sized for both the locked rotor currents and the continuous running
currents encountered.®

6) 6.17.3.1 originated from 10.4.5.1.1 of the 2010 edition of NFPA 20. Reprinted with permission from NFPA 20-2010, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2009, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.
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6.17.3.2 Starting contactors shall be sized for both the locked rotor currents and the acceleration
(starting) currents encountered.”

7) 6.17.3.2 originated from 10.4.5.1.2 of the 2010 edition of NFPA 20. Reprinted with permission from NFPA 20-2010, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2009, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the

standard in its enti

6.18 Use of

6.18.1

irety.

sensing devices

installed that automatically or manually prohibit(s) electrical actuation of the motor contactor.

6.18.2 Sens
conditions. Th
occurrence. S
the sensors. W

a) The
respon
starting

b) If th
whose
source

No undervoltage, phase loss, frequency sensitive, ground-fault, or other sensor (s) shall be

brs shall be permitted to prevent a three phase motor from starting uhder
ese shall not cause disconnection of the motor when running at the time of g
ich sensors shall be monitored to provide a local visible alarm in the€vent of
hen single-phase (loss of phase) motor protection is provided:

failure of any circuit or component whose primary function.is the detection
5e to a loss of phase of the power source shall not prevent the motor frg
under restored power conditions.

e single-phase loss condition occurs while the motor is running, any circuit
primary function is the detection, signaling, or'yesponse to a loss of phase
shall not interrupt the power to the motor, ingluding low rpm and locked rotor ¢

c) The voltage threshold (drop out) for any circuit or component whose prima
protectjon of the motor from a loss of phase@f the power source shall not exceed 70
nomingl line voltage.

d) Whe¢n the motor is protected ffom a loss of phase of the power source, eleq

capabi
6.19 Provisi

6.19.1 A visi
motor starting

6.19.2 Wher
from each poy
contactor, proy

ity shall be automatically-restored within 10 seconds upon the restoration of pg
jon for alarm and sighal devices

ble indicator shall monitor the availability of power in all phases at the line te

powersis supplied from an integral transfer switch, monitoring of the availa
versaurce shall be permitted at any point electrically upstream of the line te

idad all caorrcaa ara manitarad

single-phase
single-phase
malfunction of

signaling, or
m electrically

br component
of the power
bnditions.

ry function is
percent of the

trical starting
wer.

rminals of the

means. WWhen the visible indicator is a pilot lamp, it shall be accessible for replacement.

pility of power
rminals of the

OO oo CCoTar T TTortorc T

6.19.3 A visible indicator shall monitor for phase reversal at the line terminals of the motor starting
means. When the visible indicator is a pilot lamp, it shall be accessible for replacement.

6.19.4 When power is supplied from an integral transfer switch, monitoring for phase reversal from each
power source shall be permitted at any point electrically upstream of the line terminals of the contactor,
provided all sources are monitored.

6.19.5 Controllers shall be provided with contacts (open, closed, or both) to operate alarm circuits that
indicate the following conditions:

a) Controller in a motor running condition;


https://ulnorm.com/api/?name=UL 218 2020.pdf

SEPTEMBER 10

, 2020 NMX-J-626-ANCE-2015 ¢ CSA C22.2 No. 263-15 ¢ UL 218

23

b) Loss of phase on the line side of the motor contactor, in any phase, falls below 85 percent of
nominal controller voltage;

c¢) Phase reversal on the line side of the motor contactor on a polyphase controller; and

d) Controller connected to alternate source — contacts (open, closed or both), mechanically
actuated by the transfer switch mechanism, shall be provided to indicate whenever the alternate
source is the source supplying power to the controller. See 11.5.4(d).

6.19.6 The alarm contacts specified in 6.19.5 shall be rated at 125 V minimum and have provision for

connection to

an external circuit.

6.19.7 Cont
See 7.6.
6.19.8 A vis
mode.

Il 1 ool ek e 1 £ 1 1 £ Jorpmihl ) n H
UNICTS STl UTITUL UTT TUSS Ul diTy Pridst TTyalUlTos U WIHTLITTT 1S THULUT TS

ble and audible alarm shall be provided when the controller fails tocstart from

6.20 Automatic controllers

6.20.1 Gengral

6.20.1.1 An automatic controller shall comply with the reguirements for a non-auton]
specified in 6 21.

6.20.1.2 The controller shall be in a fully functional“state within 10 seconds upon apqg
power.

6.20.1.3 An automatic controller shall not\have a manually actuated selector switch

between auto
such as Auto-

matic and non-automatic modes of operation, nor shall the switch have an “
Off-Manual or Hand-Off-Auto:

6.20.2 Watdr pressure control

6.20.2.1 An
having high a
shall be empl
protection sys

automatic water pressure controller shall be provided with a pressure-ag
nd low calibrated set points in the controller circuit. No pressure snubber or re
pyed within the pressure switch. The device shall be responsive to water pres
tem as:specified in 6.20.2.4.

rachall ha a2y

unning or not.

the automatic

atic controller

lication of AC

for selecting

OFF” position,

tivated device
strictive orifice
sure in the fire

6.20.2.2 Th

o
rooran ot Trovary

pressure responsive means.®

O

sure switch or

8) 6.20.2.2 originated from 40.30.3 of the 2010 edition of NFPA 20. Reprinted with permission from NFPA 20-2010, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2009, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

6.20.2.3 Each controller pressure sensing control circuit shall operate independently.®

9) 6.20.2.3 originated from 10.10.7.4.1 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.
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6.20.2.4 When an automatic controller is provided with a pressure recording device to sense and record
the pressure in each fire pump controller pressure sensing line at the input to the controller, the recorder
shall be capable of operating for at least 7 days without being reset or rewound.

6.20.2.5 The pressure recording device of 6.20.2.4 shall be mounted external to the controller, or in a
barriered compartment, or behind a door in a barriered enclosure, or other provisions shall be made to
reduce the risk of contact with uninsulated live parts during normal servicing of the pressure recording
device.

6.20.2.6 The pressure sensing element of a pressure-activated and pressure recording device shall be
capable of withstanding a momentary surge of pressure of 2,758 kPa (400 psi) or 133 percent of the fire
pump controller rated operating pressure, whichever is higher, without losing its accuracy.

6.20.2.7 A
under specifie

ontroller that starts the motor before the pressure-activated device specifie
H conditions shall use a drop-out relay to start the motor.

din 6.20.2.4

6.20.2.8 Wh
fire pump, this
remote station|

pn the controller has a means for connection of a circuit for the refriote manual
means shall be such that the fire pump motor is not capable, of being stoy

starting of the
ped from the

6.20.2.9 For
incorporate a
other driver. If

intervals of 5 t
starting.
6.20.2.10 Cd

starting seque

6.20.2.11 A
7.7.
6.20.2.12 A

trademark of t

of manufacture.

sequence starting of multiple pumps, the controller fereach unit of multiple pu
sequential timing device to prevent any one driver ffom starting simultaneg
water requirements call for more than one pumping unit to operate, the units
0 10 seconds. Failure of a leading driver to start shall not prevent subsequer

nce, unless the pump is already in operation.

pressure sensing switch or transducer with internal or external amplifier sha

pressure transducershall be permanently marked on the exterior to includg
ne manufacturer,'serial and identification number, pressure range, electrical ra

tructions 'shall be provided for setting the start and stop pressures for the fire p

6.20.2.13 Ing
6.20.2.14 M
pipe or tube.
nominal).

itallic pressure sensing lines and fittings shall be brass, copper, or series 300

Mmp units shall
usly with any

shall start at
t drivers from

ntroller actuation by the pressure switch at the low adjustment setting shall initiate the pump

| comply with

the name or
ting and date

ump.

stainless steel

15 mm (% in.

6.20.2.15 The solenoid drain valve shall be a fully ported 15 mm (1/2 in.) diameter nominal pipe size and
have internal passages of 3 mm (1/8 in.) diameter or larger.

6.20.3 Exter

6.20.3.1

nal circuits connected to controllers

External control circuits that extend outside the fire pump room shall be arranged so that failure

of any external circuit (open, ground fault or short circuit) shall not prevent operation of pump(s) from all
other internal or external means. Breakage, disconnecting, shorting of the wires, ground fault or loss of
power to these circuits may cause continuous running of the fire pump but shall not prevent the
controller(s) from starting the fire pump(s) due to causes other than these external circuits.
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6.20.3.2 No undervoltage, phase loss, frequency sensitive, or other sensor (s) shall be installed that

automatically

6.20.4 Non-

6.20.4.1

or manually prohibit(s) electrical actuation of the engine starting contactor.

pressure switch actuated automatic controller

A non-pressure switch actuated automatic controller shall be activated by a remote sensor,

such as a smoke detector, fire alarm, carbon monoxide detector, or other such device. A pressure switch
shall not be required.

6.20.4.2 The starting sequence of the controller shall be initiated by the opening of the remote contact(s)
of the device specified in 6.20.4.1.

6.20.4.3 No
controller.

6.20.5 Fire

6.20.5.1 Co
valves, etc.) N
be equipped
equipment.

other means of stopping the fire pump motor shall be provided except o

brotection equipment control

ntrollers with provision to supply special water control equipment (deluge v
nay start the driver before the pressure-activated switch(es).would do so. The
with an opening of contacts to start the engine upon”operation of the

6.20.5.2 The¢ starting sequence of the controller shall be initiated by the opening of the con

containing thq
6.20.6 Wee

6.20.6.1 Th
10 min once &

remote equipment.
xly program timer

e controller equipment shall be arranged to automatically start and run the ma
week. A solenoid valve drain on-the pressure control line shall be the initiating

6.20.6.2 A means to disable the timer_shall be provided to permit the weekly test to be initia

6.20.6.3 Th
controller.

6.20.6.4 An
deviceorare

b solenoid valve drain is not required to be the initiating means for non-pres

automatic{pressure-activated call to start signal, or a call to start signal from
mote start device, shall override the weekly program timer.

6.21

those on the

Ives, dry pipe
controller shall
fire protection

trol circuit loop

tor for at least
means.

ted manually.

sure-activated

A manual start

Non-alutomatic controllers

6.21.1

6.21.1.1
means.

General

A non-automatic controller shall be manually actuated by separate electrical and mechanical

6.21.1.2 The controller shall be in a fully functional state within 10 seconds upon application of AC

power.

6.21.2 Manual electric control at controller

6.21.2.1

A manually operated switch shall be provided on the controller so that when the fire pump motor

is started manually, its operation is not affected by the pressure-activated switch, if provided. The fire

pump motor s

hall remain in operation until manually stopped.
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6.21.3 Emergency run mechanical control at controller

6.21.3.1 A controller shall be equipped with an emergency run handle or lever that operates to close the
magnetic motor controller mechanism mechanically. This handle or lever shall provide for non-automatic
continuous running operation of the motor (s) independent of any electric control circuits, magnets, or
equivalent devices, and independent of the pressure-activated control switch. Means shall be incorporated
for mechanically latching or holding of the handle or lever for manual operation in the actuated position.
The mechanical latching may be automatic or manual.

6.21.3.2 The handle or lever shall be arranged to move in one direction only from "OFF" to final position.

6.21.3.3 The _magnetic motor controller shall return automatically to the "OFF" position if the operator
releases the handle or lever in any but the full running position.

6.21.3.4 Thdg
with 16.21.19

10) 6.21.3.4 origin
Installation of Sta
reprinted material
standard in its ent]

operating handle of the emergency run mechanical control shall be marked

Ated from 10.5.3.2.4 of the 2013 edition of NFPA 20. Reprinted with permissien/from NFPA 20-2
tionary Pumps for Fire Protection, Copyright © 2013, National Fire Rrotection Association,
is not the complete and official position of the NFPA on the referenced Subject, which is repres
rety.

6.22 Stopping methods

6.22.1 Stopy
stop pushbuttc
and releasing

6.22.2
timer set for af

6.22.3 Mean
indicate that a

6.23 Power

6.23.1 In cas

ing the fire pump motor by the controllershall be accomplished by manual
n on the outside of the controller enclosure. In the case of an automatic contr
he pushbutton shall return the controfler to the automatic position.

If a controller is arranged for automatic’stopping after starting causes have returne

least 10 min operating time @fter initial motor activation shall be provided.

s shall be provided to’ disable automatic stopping. A visible indicator shall b
itomatic stopping isidisabled or enabled.

nterruption

6.24 Grounc

n accordance

13, Standard for
Duincy, MA. This
bnted only by the

pperation of a

bller, pressing

d to normal, a

e provided to

e of a power interruption the fire pump controller operating parameters shall be¢ retained.

fault and arc fault protection

6.24.1
circuit."

No ground fault or arc fault interruption means shall be installed in any fire pump control or power

") 6.24.1 originated from 9.1.8.1 and 9.1.8.2 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013,
Standard for Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA.
This reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by
the standard in its entirety.
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PERFORMANCE
7 Performance Tests
71

Short circuit test — general

7.1.1  The controller or combination controller/transfer switch shall be type tested to verify the short circuit
rating. The test shall be done for both standard-fault currents and high-fault currents as referenced in
Annex A, item 9.

7.1.2 Annex D, Test Samples (Informative), contains information about testing components and test

samples.

7.1.3 Afterg
a controller sh

ompleting the test specified in 7.2 and 7.3, and after the circuit breaker lias-Clq
all comply with the following:

a) In Mexico and the United States, there shall be no discharge of parts. The cont

may W

In Carf
Comp
not ca

b) The
of ate

c) Thel
live pa

d) The
Deforr
use of

e) Thg
being

eld or completely disintegrate.

ada, there shall be no discharge of parts. Complete disintegration shall nof
ete disintegration of the contact shall be considered ig\have occurred when th
bable of carrying rated current or if temperatures cannhot be stabilized at rated ¢

re shall be no damage to a conductor or terminal* connector, and no conductg
'minal connector.

bared the fault,

actor contacts

be permitted.
e contacts are
urrent.

r shall pull out

re shall be no breakage of insulating bases to the extent that the integrity of the mounting of

rts is impaired.

door or cover shall not be blown’ open, and it shall be possible to open the
hation of the enclosure shall*net result in the accessibility of live parts as dets
the finger probe specified intAnnex A, item 9.

circuit breaker andtisolating switch, when provided, of the controller shall
bpened manuallywith its operating handle.

f) In

exico and_the United States, the solid wire connected between the live

enclodure shall nét'open.
In Carfada, the solid wire connected between the live pole and the enclosure shall ng
A groynd fuse'shall not open for standard fault testing.

door or cover.
rmined by the

be capable of

pole and the

t open. The 30

g) Neither end of the circuil breaker or isolation swiich, when provided, shall
separated from the mounting means and the line terminals of the circuit breaker or isolating switch

shall n

ot bridge from the mounting means to dead-metal.

e completely

7.1.4 The controller shall be mounted as intended in service and tested with 1.2 m (4 ft) of wire attached
to each load and line terminal. The wire shall be the smallest size having an ampacity of at least 125
percent of the maximum full-load motor-current rating of the current element. The wire size shall be in
accordance with Table 5 based upon the wire temperature rating marked on the equipment. When the
terminal will not receive that size of wire, or the equipment is marked to limit the size of wires, the
maximum wire size shall be used. The load terminal leads shall be connected together.

Note: The line test wires may exceed 1.2 m (4 ft) in length if they are included in the circuit during calibration.
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7.1.5 In Mexico and the United States, the enclosure of the controller shall be connected through a solid
conductor without a fuse to the live pole that is judged to be least likely to strike the ground on the load
side of the limiting impedance by a 5.3 mm? (10 AWG) copper wire 1.2 — 1.8 m (4 — 6 ft) long.

In Canada, the enclosure of the controller shall be connected through a solid conductor without a fuse to
the live pole that is judged to be least likely to strike the ground on the load side of the limiting impedance
by a 5.3 mm? (10 AWG) copper wire 1.2 — 1.8 m (4 — 6 ft) long. A 30 A fuse shall be connected in the solid
conductor for standard fault testing.

7.1.6 The connection described in 7.1.5 shall be made with 3.3 or 2.1 mm? (12 or 14 AWG) copper wire if
the branch-circuit conductors the equipment is intended to be connected to are 3.3 or 2.1 mm? (12 or 14
AWG), respectively.

7.1.7 Standdrd fault test circuits shall be calibrated to the values specified in Table 6-in|acgordance with
the requirements for calibration of test circuits for the short circuit test in Annex A, item)22.

7.1.8 High fault test circuits shall be calibrated to a value specified in Table‘10 in accordance with the
requirements for calibration of test circuits for the short circuit test in Annex Ajitem 22.

7.1.9 Three phase tests shall be considered to cover single-phase tests-for a device of the $ame design.

7.1.10 The gnclosure cover shall be held closed only by the intended latch mechanism and securement
means.

7.1.11 Following the short circuit testing, a controller shall be subjected to 7.4.
7.2 Short circuit test — standard fault currents

7.2.1 The isplating switch, if provided, and the circuit breaker shall be in the fully closed|position. The
magnetic motpr contactor shall be held:closed by a separate electrical supply. The test crcuit shall be
closed on the [test sample as described jn 7.3. See 7.3.1 for test set-up. Two operations (“P” shots), are
required. Motdr contactor contacts or'the complete contactor may be replaced after the first tgst (“O” shot).

7.3 Short cifcuit test — high fault currents

7.3.1  Two sliccessiveloperations shall be conducted by closing the test circuit on the equipment (“O”
shot), using random-¢losing and closing the equipment on the circuit (“CO” operation). Mptor contactor
contacts or thg complete contactor may be replaced after the first test (“O” shot).

7.3.2 “O” shot: The circuit breaker, isolating switch, and the contactor shall be in the fully closed position
when closing the test circuit on the equipment.

7.3.3 The motor contactor shall be held in the closed position either mechanically or by a separate
electrical circuit.

7.3.4 “CO” shot: The circuit breaker and isolating switch shall be in the fully closed position. The
contactor shall be closed onto the test circuit by a separate electrical signal.

7.4 Dielectric voltage-withstand test

7.4.1 Following the short circuit tests, a controller shall withstand, without breakdown, a test potential of
twice rated voltage, but not less than 900 V, applied for not less than 1 min as follows:
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a) Between line and load terminals of the circuit breaker in the open position;

b) Between line and load terminals of the isolating switch, when provided, with the switch in an
open position;

c) Between terminals of opposite polarity with the circuit breaker and isolating switch, when
provided, in an open position; and

d) Between live parts and the overall enclosure with the circuit breaker and isolating switch, when
provided, both opened and closed.

7.5 Wire flexing test

751 The |
possible — reg
Following this
7.4.1 (shall bg

iring to components mounted on a door shall be tested by opening the (g
traints such as a chain shall remain in place — and then closing it for 500 cycle
test, the equipment shall be subjected to the dielectric voltage withstand tes
twice rated V + 1000 V +20% for 1 s) applied between conductorsiand betwe

oor as far as
s of operation.
5t described in
en conductors

and ground wjth the door in the fully opened position.

7.6 Phase lpss detection test

76.1 Asar all indicate the

loss of phase

bsult of the tests specified in 7.6.2 and 7.6.3, the vistial indicators in 6.19.1 sh
and the contacts in 6.19.5 shall change state.

troller shall be
rformed with a

7.6.2 Each
disconnected
minimum 4 k\

power wiring lead, and neutral conductor, on the input (line) side of the con
from its source of supply while other leads.remain intact. The test shall be pe
V (5 hp) rated motor.

7.6.3 The tefst specified in 7.6.2 shall be perfermed under the following conditions:

a) While the motor is running unloaded at rated voltage; and

b) With the motor at rest.
7.7 Pressuine switch/transducer tests

7.7.1 General

7.7.1.1 Apr 2| All tests shall

be conducted

pssure switch/transducer shall comply with the tests shown in 7.7.2 — 7.7.9.
onthe same sample. The order of testing shall be as shown below.

7.7.2 Output accuracy

7.7.2.1 At standard room ambient temperature [10 — 40°C (50 — 104°F)] and at the minimum input
voltage marked on the device, the pressure switch (transducer) output reading (signal) shall be within £5%
of full scale, but not more than £103 kPa (15 psi). A minimum of 10 equidistance readings shall be taken
over the full range of the device.

7.7.3 Repeatability

7.7.3.1 At standard room ambient temperature [10 — 40°C (50 — 104°F)] and using the minimum input
voltage marked on the device, when pressure is varied from zero to full scale, the output pressure curve
shall retrace, within £1% of full scale, but not more than 21 kPa (£3 psi), the curve obtained for output
accuracy as per 7.7.2.1. For the next two sets of curves, using the mid-point of the input voltage marked
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on the device, when pressure is varied from zero to full scale, the output pressure curve shall retrace,
within £1% of full scale, but not more than 21 kPa (3 psi), the curve obtained for output accuracy as per
7.7.2.1. For the last two sets of curves, using the maximum input voltage marked on the device, when
pressure is varied from zero to full scale, the output pressure curve shall retrace, within £1% of full scale,
but not more than +21 kPa (£3 psi) of the curve obtained for output accuracy as per 7.7.2.1. A minimum of
10 equidistance readings shall be taken over the full range of the device for each of the five curves.

7.7.4 Supply voltage coefficient

7.7.4.1 The pressure switch/transducer accuracy shall be with £ 1% of full scale, but not more than +21
kPa (3 psi) when the controller input voltage is varied from 85% of controller rated voltage to 110% of
controller rated voltage. This coefficient shall be checked at no less than 10 equidistant pressures

including zero
voltages perfo

7.7.5 Pressure capability

7.7.5.1
least 5 min, th
40°C (50 — 10
from zero to fy
+21 kPa (x3 p

7.7.6 Tempgdrature coefficient (temperature drift)

7.76.1 Atan
(transducer) u
full scale and

kPa (3 psi), t
conditioned dd
shall be comp
minimum of 1(

7.7.6.2 At ap ambient temperature of 60°C (140°F) after a 12 hour conditioning period,

switch (transd

zero to full scale and back;-the output pressure curve shall retrace, within £1% of full scale

than +21 kPa
temperature-c
All readings s

Overpressure withstandability: After sustaining 133% maximum «tated working p

and full scale. If the calculated input voltages are within the minimum and-m
rmed in the repeatability test per 7.7.3.1, then this test is not required.

e pressure switch/transducer shall be tested at standard coem ambient temy
4°F)] and using the minimum input voltage marked on,the)device; when pres
Il scale, the output pressure curve shall retrace, withinét1% of full scale, but
i), the curve obtained for output accuracy as per 7{0.21.

ambient temperature of 2°C (36°F) after a 12 hour conditioning period, the pn
5ing the minimum input voltage marked on the device, when pressure is varie
pack, the output pressure curve shall retrace, within £1% of full scale, but not
ne curve obtained for output acetracy as per 7.7.2.1. To facilitate testing of the
vice, the device may be remaved from the conditioning temperature chambe
leted within 3 min after téstdevice withdrawal from conditioning temperatur
equidistance readings shall be taken over the full range of the device.

Licer)using the minimum input voltage marked on the device, when pressure

(£3 psi)~the curve obtained for output accuracy as per 7.7.2.1. To facilitate

aximum input

ressure for at
erature [10 —
sure is varied
hot more than

essure switch
H from zero to
nore than +21
temperature-
r. All readings
e chamber. A

the pressure
s varied from
but not more
testing of the

hall\be completed within 3 min after test device withdrawal from conditionin

chamber. Am

nimum of 10 equidistance readings shall be taken over the full range of the de

bnditioned device, the device may be removed from the conditioning tempera£

ure chamber.
temperature
ice.

7.7.7 Endurance

7.7.71

The device shall be subjected to 6,000 pressure fluctuation cycles. Each cycle shall be from zero

pressure to no less than rated full-scale pressure. The output shall be connected to an electrical load
equal to the maximum rating of the device. There shall be no failures, and for the device at standard room
ambient temperature [10 — 40°C (50 — 104°F)] and using the minimum input voltage marked on the device,
when pressure is varied from zero to full scale, the output pressure curve shall retrace, within +1% of full
scale, but not more than +21 kPa (+3 psi), the curve obtained for output accuracy as per 7.7.2.1.

7.7.8 Dielectric strength (voltage withstand)

7.7.8.1 The pressure switch/transducer shall meet the test criteriain 7.7.8.2 and 7.7.8.3.
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7.7.8.2 Where the transducer operating (power supply) voltage is 50 volts or less, a test voltage of 500 V
AC shall be applied between the electrical terminals and the exterior surface and the pressure fitting for a
period of 1 min. There shall be no evidence of arcing or breakdown.

7.7.8.3 Where the transducer operating (power supply) voltage exceeds 50 volts, a test voltage of 1000
V AC + 2 times the operating voltage shall be applied between the electrical terminals and the exterior
surface and the pressure fitting for a period of 1 min. There shall be no evidence of arcing or breakdown.

7.7.9 Burst pressure

7.7.9.1 Transducers shall be able to sustain 2 times the maximum rated working pressure, or at least
13,790 kPa (2,000 psi), for at least 5 min. The device shall not rupture, nor shall it leak.

7.7.9.2 Bou

pressure.
7.8 Locked

7.8.1 When
fire pump con

fdon tube pressure switches shall be able to sustain 2 times the maximum

rotor overcurrent protection test

tested in accordance with 7.8.2 — 7.8.12, the locked rotor overcurrent protecti
froller shall:

rated working

bn feature of a

a) Notltrip within 3 min at 300 percent of motor full-load cdrrent;
b) Trip the circuit breaker between 8 and 20 seconds’at motor locked rotor current (600 percent of
motorHfull load current).
c) Be|able to be manually reset immediately after tripping, with the tripping fharacteristics
unchapged. See 7.8.12.
7.8.2 The fire pump controller/locked rotoenovercurrent protection shall be mounted as intepded.
7.8.3 Wiring connections shall be made as described in 7.10.11.
7.8.4 Any cg@nvenient voltage(source may be used to provide the specified test current.
7.8.5 The [fire pumpSeontroller/locked rotor overcurrent protection shall be testefl at ambient
temperatures|of 25°CAZ7°F) and 50°C (122°F).
7.8.6 A test|current equal to the rated motor locked rotor current (or 600 percent of the rgted motor full-

load current)

shall be generated by using any convenient test voltage and shall be sent through the fire

pump controller or otherwise detected by the locked rotor overcurrent protector. The time from initial
current generation to the time the locked rotor overcurrent protector trips to open the circuit shall be
recorded.

7.8.7 Immediately after the test in 7.8.6, the locked rotor overcurrent protective device (circuit breaker)
shall be manually reset and the test in 7.8.8 conducted.

7.8.8 A test current equal to the 300 percent of the rated motor full-load current shall be generated by
using any convenient test voltage and shall be sent through the fire pump controller or otherwise detected
by the locked rotor overcurrent protector. The time from initial current generation to the time the locked
rotor overcurrent protector trips to open the circuit shall be recorded.

7.8.9 Immediately after the test in 7.8.8, the locked rotor overcurrent protective device (circuit breaker)
shall be manually reset and the process in 7.8.6 — 7.8.8 shall be repeated 3 more times (4 times total).
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7.8.10 As an alternative to alternating the tests at 300 percent and at locked rotor current, all four trials
may be conducted at one value (for example at 300 percent) before continuing with the tests at the
remaining value, provided the same sample is used.

7.8.11 The same sample shall be used for all 8 trials (4 trials at 300 percent, 4 trials at locked rotor).

7.8.12 The results of the above test shall be considered to be in compliance, if, in addition to the definite-
time constraints in 7.8.1(a) and 7.8.1(b), there is no more than a 10 percent variance between any one

data point and

the mean average for that set of data.

7.9 Barrier dielectric strength test

7.9.1 Apoly
with the test d

79.2 A sam
voltage of 500

a)40h
b) 96 h

In Mexico, the

7.9.3 Subjed
of Table 12 or

I

eric material used as a barrier at a thickness less than specified in Clause®.
cribed in 7.9.2 and 7.9.3.

ple of the polymeric material, at its used thickness, shall withstand-for 1 m
D V rms, 50 — 60 Hz, both after conditioning for both:

at 23.0 £2°C (73.4 £3.6°F) and 50 15 percent relative humidity; and

at 35.0 £2°C (95.0 £3.6°F) and 90 15 percent relative_ humidity.
dielectric voltage is defined as 5,000 V rms, 60 Hz,

ted to a 60 second Dielectric Voltage Withstanhd Test using the AC RMS test \
Table 13 as applicable, corresponding to theé required through-air spacing.

710 Tempe

7.10.1 As teg
equipment sha

a) Not
advers

b) Not

c) Not

ature test

ted under the conditions described in 7.10.2 — 7.10.30, fire pump controllers a
I:

attain a temperaturerat any point so high as to constitute a risk of fire or
ply affect any materials employed in the equipment;

bxceed the temperature limit for any individual component within the equipmen

B shall comply

n a dielectric

oltage values

nd associated

fire hazard or

t: and

exceed the temperature rise above the test ambient at specific points greater than those
specified in Table 15 and Table 17.

7.10.2 To defermine whether a fire pump confroller complies with the temperature test requirements, it
shall be tested as in 7.10.3 — 7.10.37.

7.10.3

manufacturer’s installation instructions.

7.10.4 Equipment shall carry its rated current continuously.

Fire pump controllers shall be operated under normal conditions as described in the

7.10.5 The test current for a horsepower rated device shall be as specified in Table 2 and Table 3.

7.10.6 An auxiliary device for controlling a contactor, a relay or another magnetically operated device
shall carry a test current that corresponds to the maximum break current consistent with the switch rating.
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7.10.7 The test conditions shall be established so that each current carrying component carries the
maximum rated current of the controller. Three phase controllers shall be tested on a three phase current
source.

7.10.8 A low voltage source of supply may be used for temperature tests on parts other than voltage
rated coils.

7.10.9 The temperature test shall be conducted with the fire pump controller mounted as intended in use.

7.10.10 The fire pump controller, or associated equipment, shall be tested in the enclosure provided by

the manufacturer.

7.10.11 External field connections to the fire pump controller shall be made by one™of the methods
described in 1.10.12 - 7.10.16.

7.10.12 Firg pump controllers shall be tested with 1.2 m (4 ft) of copper wire attached to each field-wiring
terminal.

7.10.13 The wire shall be of the smallest size having an ampacity of at least 125 percent of the maximum

full-load moto

7.10.14 Ths
the equipmen

F-current in accordance with 7.10.5.

wire size shall in accordance with Table 5 based on the wire temperature rat]
L.

ng marked on

7.10.15 If the equipment is marked to limit the size ofithe wire, the maximum allowable wire size shall be
used.
7.10.16 When there is only provision for the gennection of bus bars to equipment rated at 450 A or more,

6.4 mm (1/4 ipch) thick copper bus bars of.the*width specified in Table 18 and at least 1.2 m

(4 ft) in length

shall be used

7.10.17 Thdg temperature test shall be conducted with plated bus bars. Black-painted bus| bars shall not
be used.

7.10.18 The spacing between multiple bus bars shall be 6.4 mm (1/4 inch) with no intentional wider

spacing exce

7.10.19 The

bt as necessary at the individual terminals of the equipment.

temperature test shall be conducted with the equipment placed in one o

[ the following

locations. The

ambient temperature for the temperature test shall be based on one of the fol

owing:

a) Equipment shall be placed in the rated ambient temperature;

b) Equipment shall be placed in a non-air circulating test chamber with the ambient temperature of
the test chamber adjusted to the rated ambient; or

c) Equipment may be tested in a lower ambient temperature provided the test results are adjusted
linearly to the rated ambient temperature.

7.10.20

If reference measurements of ambient temperatures are necessary, several thermometers shall

be placed at different points around the equipment at a distance of 900 — 1800 mm (35 — 70 inch). The
thermometers shall be located in the path of the cooling medium, but shall be protected from drafts and
abnormal heat radiation. The ambient temperature shall be the mean of the readings of the temperatures
taken at equal intervals of time during the final quarter of the duration of the test.
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7.10.21

heating of another part.

7.10.22 The

temperature test shall be conducted until temperatures are constant.

The tests on all parts shall be made simultaneously, as the heating of one part can affect the

7.10.23 A temperature rise shall be considered to be constant when three successive readings, taken at
intervals of 10 percent of the previously elapsed duration of the test (but not less than 10 min intervals),
are constant within 1°C (1.8°F).

7.10.24 Temperatures shall be measured by thermocouple method or by resistance method, as

described in 7.

10.25 to 7.10.30.

7.10.25 The
thermocouples

7.10.26 The
thermocouples
laboratory prg
thermocouples

7.10.27 A th
thermal conta
cases, adequd
but if a metal

7.10.28 The
temperature 1
thermocouple
supplementary

7.10.29 The
consists of the

where:

thermocouple method shall consist of the determination of temperature by the
to the hottest accessible parts with measurement by a suitable calibrated, inst

thermocouples shall be made of wires not larger than 0.21. mm? (24
and related instruments shall be accurate and calibrated ‘ify accordan
ctice. The thermocouple wire shall conform with the requirements for spe|
specified in Annex A, item 23.

ermocouple junction and adjacent thermocouple lead, wire shall be securely
Ct with the surface of the material on which the temperature is being meas
te thermal contact will result from securely taping or cementing the thermoca
urface is involved, brazing or soldering the thermocouple to the metal might be

preferred method of measuring the temperature of a coil shall be the resistanc

heasurements by either the thermecouple or resistance method are acq
method shall not be employed _for a temperature measurement at any p
insulation is employed.

resistance method for femperature measurement as specified in Table 15

application of
rument.

AWG). The
ce with good
cial tolerance

held in good

ured. In most
uple in place,
necessary.

e method, but
eptable. The
oint at which

and Table 17

calculation of the temperature rise of a winding using the equation:

AT

)
7(k+ t)—(k+1ty)
i

Atis th

b temperature rise of the winding in degrees C;

r, is the resistance of the coil at the end of the test in ohms;

ry is the resistance of the coil at the beginning of the test in ohms;

t; is the room temperature in degrees C at the beginning of the test;

t, is the room temperature in degrees C at the end of the test; and

k is 234.5 for copper, 225.0 for electrical conductor grade (EC) aluminum; values of the constant for
other conductors shall be determined.

7.10.30 As it is generally necessary to de-energize the winding before measuring resistance,
determining the value of resistance at shutdown by taking several resistance measurements at short
intervals, beginning as quickly as possible after the instant of shutdown, shall be permitted. A curve of the
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resistance values and the time shall be plotted and extrapolated to give the value of resistance at

shutdown.

7.10.31
with 7.10.1.

At the conclusion of the test, the temperature rise of each material or component shall comply

7.10.32 The temperature rise of a material or component is the difference between its stabilized test
temperature and the test ambient.

7.10.33 Protective devices or circuitry shall not trip during the test.

7.10.34 Al

alues for temperature rises specified in Table 15 and Table 17 apply to equip

ent intended

foruseinam

7.10.35 The suitability of insulating materials, other than those in Table 15 and-Tablg

determined W
operating tem

7.10.36 For|

this elevated ambient shall be calculated in accordance with the following formula:

where:
TRis 1
TTis
™ is

7.10.37 For
this reduced 4

where:

bximum consistent ambient temperature of 40°C (104°F).
ith respect to properties such as flammability, arc resistance and-the like,
perature equal to 40°C (104°F) plus the measured temperature risg.

industrial control equipment rated above 40°C (104°F), the allowable tempe

TR =TT—[TM —40°C (104°F)]

he allowable temperature rise;

he maximum temperature rise allowed by Table 15 and Table 17; and

he elevated ambient temperature marked on the equipment.

industrial control equipment rated below 40°C (104°F), the allowable tempe
mbient shall be caleulated in accordance with the following formula:

TR = TT+[40°C (104°F)—TM]

TRis

b 17, shall be
based on an

trature rise for

rature rise for

he allowable temperature rise;

TT is the maximum temperature rise allowed by Table 15 and Table 17; and

TM is the reduced ambient temperature marked on the equipment.

7.10.38
voltage withst

711

7111

and test in Clause 7.11.

Dielectric voltage withstand test (after normal operating temperature)

Immediately following the temperature test, equipment shall be subjected to the dielectric

While at its maximum normal operating temperature, fire pump control equipment shall withstand

for 1 min without breakdown the application of a 60 Hz essentially sinusoidal potential or a direct-current

potential:

a) Between uninsulated live parts and the enclosure with the contacts open and closed;
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b) Between terminals of opposite polarity with the contacts closed; and

c) Between uninsulated live parts of different circuits.

7.11.2 The test potential shall be the following values for alternating-current, or 1.414 times the following
values for direct-current:

a) 500 V - For fire pump control equipment rated not more than 50 V;

b) 1000 V plus twice the rated voltage of the equipment — For fire pump control equipment rated 51
- 600 V; or

c) 2000 V plus 2.25 times maximum rated voltage — For fire pump control equipment rated 601 —

1500 V|

7.11.3 Atran
opposite polar

7.11.4 If the
dielectric volta

7.11.5 Panel
a) 100(
b) 100(

c) 500
circuits

d) 200
betwesg

7116 To dg
means of a t
applied poten
rapidly as is ¢
that value for 1

7.11.7 The tn

i

sformer, a coil, an electronic part, or a similar device normally connected be
ty shall be disconnected from one side of the line during the test described in 7

equipment has a meter or meters, they shall be disconnected from the
ge-withstand test described in 7.11.1 and 7.11.2.

Vin the case of an ammeter;
V plus twice the rated voltage in the case ofiany other instrument having a po

V for meters in circuits operated at 50'V or less (no test requirements are
operated at 30 V or less); and

) V AC plus 2.25 times the maximum rated voltage for devices rated above
n power supply circuits and @ny non-current-carrying metal parts.

termine whether equipment complies with the requirements in 7.11, it shall
nsformer, the oufput voltage of which is essentially sinusoidal and can b
| shall be increased from zero to the required value at a substantially unifor
bnsistent withiitsSvalue being correctly indicated by a voltmeter. The voltage s
min.

ansformer in 7.11.6 shall either:

e af EQN\/A v lor~apy: o

a) Hav

apanae
Craoapatity UTrooUT v/ O Targ e, ot

ween lines of

11.1(b).

circuit for the

meters shall then be tested separately for dielectric strength with an applied voltage of:

ential circuit;

specified for

Y50 V applied

be tested by

e varied. The
M rate and as
hall be held at

b) Have a capacity of less than 500 VA, provided a voltmeter is present to directly measure the
applied output potential.

7.11.8 Adire

ct-current source shall be used for a direct-current circuit.

7.12 Coated printed circuit board performance test

7121 Gene

7.12.11

ral

To establish pollution degree 1 on a printed-circuit board, samples shall meet the dielectric

withstand requirement of 7.12.2.3 and the dielectric breakdown and acceptance criteria of 7.12.2.4 and

7.12.3.5.
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7.12.1.2 A total of 20 coated printed-circuit board samples of each base material/coating combination
shall be tested. Each sample shall be:

a) Representative of production, containing such items as inks and solder resists if used in the
production process;

b) Provided with the minimum creepage distance that is to be used in the final printed-circuit board

assem

bly, using the conductor and coating patterns shown in Figure 2;

c) Provided with the minimum thickness of coating to be used in the final printed-circuit board

assem

bly;

d) Provided with attached lead wires that are suitable for the dielectric test voltage and conditioning

tempe

e) Pre
manuf

7.12.1.3 Tes
and coating. \

a) Tes
5, G-1

b) Tes
XPC,

c) Tes
and G

Note: If
base m
and/or {
ASTM t

7.12.2 Dielgctric strength test

7.12.21 Eq

712211 O
is adjustable.

Fature; and

bared by normal production means using the primer or cleaner employed.by th
acturer.

ts shall be conducted on samples of each combination of printed-Circuit board
Vhere samples conform to Annex A, item 36 (see Figure 3), then

ing of FR-4 material shall be considered representativé of Group 1, comprise
D, G-11, CEM-1, and CEM-3 materials;

ling of XXXPC material shall be considered reptresentative of Group 2, comp
X, XXP, XXX, XXXP, and XXXPC materials; and

ing of GPO-2 material shall be considered representative of Group 3, compr
PO-3 materials.

printed-circuit board base materials conforim to Annex A, item 36, testing can then be reduced to
hterials known to be representative, of a specified variety of ASTM type designations having si
erformance characteristics. The+pteceding material designations are known to be representatiy
pes.

lipment

ielectri¢c test equipment shall have an output that is essentially sinusoidal, with
The transformer shall have a 500 V-A or larger capacity unless provided w

e end-product

base material

i of FR-4, FR-

rised of X, XP,

sed of GPO-2

Bn investigation of
milar construction
le of the indicated

a voltage that
th a voltmeter

that directly in

dicatés the output potential.

712.2.2 Method

7.12.2.2.1

Each sample of coated board shall be blanketed with securely positioned aluminum foil or

other similar conductive medium. The conductive medium shall completely cover the conductor pattern,

except for the

insulated lead wire and solder points.

Note: Test electrode removal prevents breakdown at the point of lead connection. An alternative to electrode removal is to
insulate the test lead connection points sufficient to prevent breakdown from occurring in these locations. This alternative
approach is likely to be taken when a conductive solution is used as a test electrode.

7.12.2.2.2 The test potential shall be applied between the common terminal of each sample and
terminals A, B, and C in turn (with the conductive medium in place). The applied test voltage shall be
increased from zero to the required value, at a substantially uniform rate that is consistent with the voltage
being correctly indicated by the voltmeter used.
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7.12.2.3 Dielectric voltage withstand

7.12.2.3.1 Five unconditioned samples shall be subjected to a 1000 V dielectric voltage withstand test
between the common test terminal of each test sample and terminals A, B, and C for a period of 1 min
without breakdown. Test equipment and method shall be as specified in 7.12.2.1 and 7.12.2.2.
Immediately following the dielectric voltage withstand test, unconditioned samples shall be subjected to

the dielectric breakdown test of 7.12.2.4.

7.12.2.4 Dielectric breakdown

7.12.2.4.1

The test voltage shall be applied at each point identified in 7.12.2.2.2 and increased until

breakdown occurs. The value of the test voltage immediately prior to breakdown shall be recorded.

7.12.3 Samyj
7.12.3.1

712311 T
groups shall &
following cond
until breakdow
sample and €
described in 7

le conditioning

General

he remaining 15 samples shall be divided into three groups“of five sampl
e conditioned as described in 7.12.3.2, 7.12.3.3, and 7,142.3.4, respectively
itioning, these same samples shall be subjected to a dielectric test voltage th3

bs. The three
. Immediately
t is increased

n occurs. The test voltage shall be applied betweenthe common test terminal of each test

ach of terminals A, B, and C. The test equipment and the test method ¢
12.2.1 and 7.12.2.2. The value of the test voltage immediately prior to break

recorded.
7.12.3.2 Eny\

712321 G

7.12.3.2.11
conditioning a
shall be subje

7.12.3.2.2
7.12.3.2.21

rating of the p
+3.6°F) and 9(

ironmental conditioning
pneral

One set of five samples:shall be subjected to three complete cycles of ¢
5 described in 7.12.3.2.2 or'7.12.3.2.3 (as applicable). Following conditioning
ted to the dielectric breakdown test of 7.12.2.4 and the acceptance criteria of }

Indoor end-use applications

Samples<shall be conditioned for 24 h at a temperature T (where T is 60°C
rinted-wiring board base material, whichever is greater), followed by 96 h af
1+5% relative humidity, followed by 8 h at 0 +2°C (32 £3.6°F).

hall be those
Hdown shall be

environmental
each sample
[.12.3.5.

140°F) or the
35 +2°C (95

7.12.3.2.3 Outdoor end-use applications

7.12.3.2.31

Samples shall be conditioned by the application of distilled water to a maximum depth of 3

mm over the coated area, for a period of 24 h at 25 +2°C (77 +3.6°F), followed by 96 h at 35 +2°C (95
+3.6°F) and 90 +5% relative humidity, followed by 8 h at -35 +2°C (-31 +3.6°F).

7.12.3.3 Humidity

7.12.3.3.1 One set of five samples shall be conditioned for 7 d in a test chamber at a temperature of 35
+1°C (95 £1.8°F) and 90 +5% relative humidity. The test samples shall be individually removed from the
test chamber and subjected to the dielectric breakdown test of 7.12.2.4 and the acceptance criteria of
7.12.3.5, with breakdown testing beginning less than 2 min after sample removal from the test chamber.



https://ulnorm.com/api/?name=UL 218 2020.pdf

SEPTEMBER 10, 2020 NMX-J-626-ANCE-2015 ¢ CSA C22.2 No. 263-15 ¢ UL 218 39

7.12.3.4 Thermal

7.12.3.4.1 One set of five samples shall be conditioned at an oven temperature from the appropriate
thermal endurance profile curve of Figure 3. The test time shall be 1000 h, except that a shorter or longer
time at a higher or lower temperature respectively (from the same thermal endurance profile curve) may
be employed if agreeable to the submitter and the testing agency. The minimum test time shall be 300 h.
After thermal conditioning, each sample shall be cooled for 40 h at a temperature of 23 +2°C (73.4 +3.6°F)
and a relative humidity of 50 +5%. Upon completion of cooling, each sample shall be subjected to the
dielectric breakdown test of 7.12.2.4 and the acceptance criteria of 7.12.3.5.

7.12.3.5 Acceptance criteria

7.12.3.5.1 The results of the test shall be acceptable if the average breakdown value obtaihed from each
set of samples after conditioning is not less than 50% of the average breakdown| value of the
unconditioned samples.

7.13 Test far controllers with single-phase start protection

7.13.1 A coptroller for an electric motor driven fire pump shall be connected to a motor(rated not less
than 3.7 kW (b hp) to verify operation as specified in 7.13.2 - 7.13.3.

7.13.2 With|the motor not running, each phase of the power stipply to the controller shall pe interrupted,
in turn, to verify the controller does not start the motor.

7.13.3 With|the motor running, each phase of the pawer supply to the controller shall belinterrupted, in
turn, to verify fhat the motor continues to run.

7.14 Preshipment

7.14.1 All dontrollers shall be completely assembled, wired, and tested by the manufacturer before
shipment from the factory. Controllefs shipped in sections shall be completely assembled, wired, and
tested by the manufacturer before shipment from the factory.

7.14.2 Such controllers shall;be reassembled in the field, and the proper assembly shall{be verified by
the manufactuirer or designated representative.

In Canada, the requirements of 7.14.2 do not apply.

7.15 Contrqllerfunctionality tests

7.15.1 The electric controller shall be connected to an unloaded 5 hp rated motor or larger and tested for
proper functionality as specified in this standard. All responses, sequences, signals, and alarms shall be
exercised and shall operate correctly as intended. If the controller is equipped with a transfer switch, it
shall also be verified for proper operation as specified in this standard. Testing shall be conducted in an
ambient within the range of 5 — 40°C (41 — 104°F).

7.15.2 The diesel controller shall be connected to a diesel engine or an acceptable test simulator and a
set of batteries. All responses, sequences, signals, and alarms shall be exercised and shall operate
correctly as intended. Each engine terminal shall carry the maximum loads as defined in Annex A, item 40.
Testing shall be conducted in an ambient within the range of 5 —40°C (41 — 104°F).
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7.16 Emergency run mechanism

7.16.1 For low voltage controllers (600 VAC or less) an electrical assist shall be required. For
medium/high voltage controllers (greater than 600 VAC), the speed of the manual emergency mechanical
operator shall be at least equal to the speed of the automatic electrical closing. To determine the manual
operation time, the equipment shall be operated 15 times manually under no-load conditions in
accordance with the manufacturer’s instructions and with any electrical assist devices disconnected.

7.17 EMC requirements

7.17.1 Fire pump controllers shall be suitable for use in environment A or/and B in accordance with
Annex A item 41. EMC requirements shall be verified by the tests in accordance with Annex A, item 41.

8 Limited S¢rvice Controllers For Electric Motor Driven Fire Pumps
8.1 General

8.1.1 A limited service controller shall consist of an automatic controller'for across-the-line starting of
squirrel cage motors rated 22 kW (30 hp) or less, and 600 V or less.

8.1.2 Limitedl service controllers shall comply with the requirements specified in Claudes 1 to 6 as
modified by 8.]1.3 to 8.1.5.

8.1.3 The manually operated isolating switch specified in®, 14 is not required.
8.1.4 Alimitgd service controller shall have a short circuit current rating of not less than 10,000 A.

8.1.5 Alimitgd service controller shall complywith the marking requirements specified in Clause 16.
9 Residential Fire Pump Controllers
9.1 General

9.1.1 A residential fire pump-controller shall consist of an automatic across-the-line contrpller intended
for starting, stppping andprotecting squirrel cage motors rated 240 Vac single-phase. These controllers
shall be rated for connection to a single-phase alternating current source of supply.

9.1.2 Residgntiakfire pump controllers shall comply with the requirements specified in Clalises 1 to 6 as
modified by 9.1.34t0 9118

9.1.3 One method to achieve the motor overcurrent protection specified in 6.15.3 (b) and 6.16.1 for
residential fire pump controllers supplied on the line side of the house main electrical disconnect is to use
an inverse time nonadjustable circuit breaker evaluated in accordance with Annex A, item 8, having a
standard rating between 150 percent and 250 percent of the motor full-load current.

9.1.4 For controllers supplied on the load side of the main house service, the circuit breaker and locked
rotor requirements of Clause 6.15 and 6.16 are not required.

9.1.5 The manually operated isolating switch specified in 6.14 is not required.

9.1.6 The means to read all line currents and all line voltages on the exterior of the controller, as
specified in 6.9.1, is not required.
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9.1.7 The pressure recording device specified in 6.20.2.4 is not required.

9.1.8 A visible indicator shall monitor the availability of power in all phases, and neutral conductor
continuity when the neutral conductor is provided, at the line terminals of the motor starting means. When
the visible indicator is a pilot lamp, it shall be accessible for replacement.

9.1.9 Controllers shall detect the loss of any power phase, or neutral conductor continuity when the
neutral conductor is provided, regardless of whether the motor is running or not. See 7.6.

9.1.10 As aresult of the tests specified in 7.6.2 and 7.6.3, the visual indicators in 6.19.1 shall indicate the
loss of any power phase, or neutral conductor continuity when the neutral conductor is provided, and the
contacts in 6.19.5 shall change state.

9.1.11 A resjdential fire pump controller shall have a short circuit rating of not less than 10,000 A.

9.1.12 In M¢xico and the United States, when the controller is intended to be connected dn the line side
of the main cifcuit breaker, it shall be suitable for use as service equipment.

In Canada, th|s requirement does not apply.

9.1.13 The|requirements related to the system pressure switch' specified in clauses| 6.20.2.1 and
6.20.2.4 shall|not apply.

9.1.14 A repidential fire pump controller shall be provided with a pressure switch in agcordance with
Annex A, item 9.

9.1.15 Instructions for the field adjustment of\the pressure switch required during set-up shall be
attached to the pressure switch.

9.1.16 In Cgnada, a separate service bex’is required.
In Mexico and the United States, this requirement does not apply.
9.1.17 All cqntrol circuits shall be rated not more than 240 V.

9.1.18 A redidential ficeé pump controller supplied on the line side of the house main electrical disconnect
shall have either an’enclosure-door that is lockable or requires use of a tool to open, or a mpin disconnect
or circuit bregkefswitch having an external handle interlocked with the door to reduce the likelihood of
entrance to thee ‘enclosure without the disconnect or circuit breaker being in the off position.

9.1.19 The requirements for non-automatic controllers specified in Clauses 6.12, 6.20.1.1, 6.21, and
6.22.3 shall not apply.

9.2 \Visible indicators

9.2.1 A visible indicator shall be provided to indicate that power is available. When the visible indicator is
a pilot lamp, it shall be accessible for replacement.

9.3 Marking

9.3.1 A residential fire pump controller shall comply with the marking requirements specified in 16.1 —
16.4, 16.7, 16.11, 16.13 — 16.16, and 16.19 — 16.20.
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10 Medium Voltage Fire Pump Controllers (Rated Over 600 V)

10.1

10.1.1

General

A fire pump controller rated over 600 V shall comply with the requirements specified in 1 — 6.1,

6.10 - 6.12, 6.14, 6.16 — 6.22, 7.6, 7.8, 7.10, 7.12, and the medium voltage equipment shall comply with

the requirements specified in Annex A, item 5.

10.1.2 A medium voltage fire pump controller shall consist of an automatic or non-automatic controller for
starting squirrel cage motors rated over 600 V AC.

10.2 Meters

10.2.1 Mearn
voltages within

10.3 Isolatid

10.3.1  Provi
conditions as 4

10.3.2 The i

s shall be provided on the exterior of the controller to read all line current
15 percent of full scale.

n switch

bions shall be made to prevent the isolation switch from being opened or clos
specified in Annex A, item 5.

solation switch is not required to be interlocked. when a load-break disconn

complying with the requirements of Annex A, item 21, and having suitable fault closing (shg

interrupting cu
10.4 Pressu

10.4.1 A prg
controller so a

10.5 Contro

10.5.1 A low
control circuit

rrent (load break) and continuous current based on the motor load is provided.

re-activated device

5 to reduce the risk of water leakage from coming in contact with high-voltage ¢
circuits

voltage control cirguit shall be supplied from the high-voltage source througk
ransformer protected by high-voltage fuses rated for the circuit involved. The

the transformgr shall be_grounded to the enclosure unless all devices connected are ratg

voltage. The ¢

Lirrent supply shall be interrupted when the isolating switch is in the open positi

10.6 Visible

indicators

s and all line

ed under load

ecting means
rt circuit) and

ssure-activated device shall beclocated in a separate compartment of a mg¢dium voltage

omponents.

a step-down
secondary of
d for the line
on.

10.6.1

visible indicator is a pilot lamp, it shall be accessible for replacement.

10.7 Discon

10.7.1
item 5.

necting means

A visible indicator shall be provided to indicate that power is available in all phases. When the

The disconnecting means (contactor and isolation means) shall be in accordance with Annex A,

10.7.2 The medium voltage fuses provided in accordance with Annex A, items 1 and 5, shall be sized to
hold 600 percent of the full-load current rating of the motor for at least 100 s.

10.7.3 A complete set of spare fuses shall be supplied with the controller. A compartment or rack shall be
provided within the controller enclosure for storage of the replacement set of fuses.
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10.8 Emergency run mechanical control at controller

10.8.1  The controller shall comply with the requirements for emergency run mechanical control at the
controller as described in 6.21.3.

10.8.2 The mechanical latching described in 6.21.3 may latch automatically. The motor protection
specified in 6.16, Locked rotor overcurrent protection, may be inoperable when this mechanical latch is
engaged.

10.9 Locked rotor overcurrent protection

10.9.1 Trippingof the locked rotor overcurrent device required by 6 16 may be accomplished by opening
the motor conjtactor coil circuit(s) to drop out the contactor.

10.9.2 Meaps shall be provided to restore the controller to normal operation by an ext¢rnal manually
reset device.

10.10 Performance
10.10.1 The controller shall comply with 6.16 and with the performanhce requirements of Arjnex A, item 5.

10.10.2 The emergency run mechanical operation mechanism shall comply with all th¢ performance
requirements|of Annex A, item 5, when operated manually)independent of the speed pf the manual
operation.
10.11 Ratinpgs

10.11.1  The|controller shall also be rated in . accordance with Annex A, item 5.

10.12 Markings

10.12.1  Theg controller shall comply with the marking requirements specified in with Annex|A, item 5, and
with 16.3, 16.4, 16.8, 16.9, and(16:12.

11 Controllers With Automatic Transfer Switches For Electric Driven Fire Pumps (609 V
Maximum)

1.1 GenerTI

11.1.1  An automatic transfer switch that complies with the requirements for fire pump circuit applications
in Annex A, item 11, may be provided as part of the fire pump controller assembly housed in a barriered
compartment of the controller enclosure or in a separate enclosure attached to the controller.

11.2 Isolating switch

11.2.1  An isolating switch complying with 6.14, located within the automatic transfer switch enclosure or
compartment, shall be provided on the line side of the alternate input terminals of the transfer switch and
shall be suitable for the available short circuit of the alternate source.

11.2.2 In Canada, the isolating switch provided in a fire pump transfer switch complying with Annex A,
item 11, meets the requirement of 11.2.1.

In Mexico and the United States, this requirement does not apply.
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11.3 Circuit breaker

11.3.1 A circuit breaker complying with 6.15 and locked rotor protection complying with 6.16 shall be
provided in the alternate/emergency side.

11.4 Sensing and signal devices

11.4.1 Turning off the normal source isolating switch or the normal source circuit breaker shall not inhibit
the transfer switch from operating. An automatic transfer switch shall be provided with undervoltage
sensing devices to monitor all ungrounded lines of the normal power source. Voltage shall be sensed at
the load terminals of the fire pump controller circuit breaker. When the voltage on any phase at the load
terminals of the circuit breaker within the fire pump controller falls below 85 percent of motor rated voltage,
the transfer syitch shall automatically initiate starting of the generator, if provided and nef running, and
initiate transfer to the alternate source. When the voltage on all phases of the normal seurce returns to
within acceptable limits, the fire pump controller may be retransferred to the néimal spurce. Phase
reversal of thg normal source power shall cause a simulated normal source powes failure jupon sensing
phase reversal.'?

D-2013, Standard
Quincy, MA. This
ented only by the

12) 11.4.1 originat
for Installation of
reprinted material
standard in its ent]

pd in part from 10.8.3.6.2 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 2
Stationary Pumps for Fire Protection, Copyright © 2013, National Eire.Protection Association,

is not the complete and official position of the NFPA on the referenced subject, which is repres
rety.

11.4.2 \Voltage- and frequency-sensing devices shall be provided to monitor all ungroundg¢d conductors
of the alternate power source. Transfer to the alternate source shall be inhibited until therg is adequate
voltage and frgquency to serve the fire pump load.

11.4.3 Wherg the alternate source is provided by.a second utility power source and the tra
of a design sugh that it is not compatible for use’ with both a generator and second utility, th
fire pump conffoller/transfer switch shall be'marked in accordance with 16.22."9

13) 11.4.3 originated from 10.8.3.7.3 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2
Installation of Stdtionary Pumps for FiresPretection, Copyright © 2013, National Fire Protection Association,
reprinted material|is not the complete and) official position of the NFPA on the referenced subject, which is repres

nsfer switch is
b combination

13, Standard for
Duincy, MA. This
bnted only by the

standard in its entjrety.

11.4.4 Wher¢ the combination fire pump controller/transfer switch is marked to indicate thaf the alternate
source is proyided<by~a second utility power source, the requirements of 11.4.2 shall not apply, and
undervoltage-$ensing devices shall monitor all ungrounded conductors in lieu of a freqyency-sensing
device."”

11.4.5 Two visible indicators shall be provided to indicate the power source to which the fire pump
controller is connected.

11.4.6  When the alternate isolating switch and/or alternate circuit breaker is in the open position,
monitoring means shall operate an audible and visual signal on the fire pump controller/automatic transfer
switch combination and provide means to actuate a signal at a remote point where required. When
interlocked, monitoring of only the circuit breaker shall be required.

11.5 Transfer between sources

11.5.1 Means shall be provided to delay retransfer from the alternate source of power to the normal
source until the normal source is stabilized. This time delay shall be automatically bypassed if the alternate
source fails.
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11.5.2 Means shall be provided to prevent higher than normal inrush currents when transferring the fire
pump motor from one source of supply to the other.

11.5.3 The use of an “in-phase monitor” or an intentional delay by means of an open neutral position of
the transfer switch to comply with the requirements of 11.5.2 shall be prohibited.™

14) 11.5.3 originated from 10.8.3.10.1 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

11.5.4 The fire pump transfer switch shall not have integral short circuit, ground-fault or overcurrent

protection as

15) 11.5.4 origing
Installation of St
reprinted materig
standard in its en

11.5.5 Thef

a)Ad
startin

b) A g
circuit

c) An
comm
alternd

d) Au
mechdg
power

11.6 Test switch

11.6.1 Ane
normal power

bart of the switching mechanism of the transfer switch.®)

ted from 10.8.3.11 of the 2013 edition of NFPA 20. Reprinted with permission from.NFPA 20-2)
ptionary Pumps for Fire Protection, Copyright © 2013, National Fire ProtectionpAssociation,
| is not the complete and official position of the NFPA on the referenced subject; which is repreg
firety.

bllowing shall be provided:

bvice to delay starting of the alternate source genetator to reduce the likeliho
j in the event of momentary dips and interruptions.of the normal source.

ircuit loop to the alternate source generater,whereby either the opening or
will start the alternate source generator (when commanded by the transfer swi

neans to prevent sending the signalcfor starting of the alternate source ge
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te source side of the transfer switch is open.
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nism, shall be provided t0 indicate whenever the alternate source is the so
to the controller.

kternally operable momentary test switch shall be provided on the enclosure
soureefailure.

013, Standard for
Quincy, MA. This
ented only by the

bd of nuisance

closing of the
ch).

nerator (when
stalled) on the

ansfer switch
irce supplying

to simulate a

11.7 Rating

11.7.1  The fire pump transfer switch shall have an ampere or hp rating not less than 115 percent of the
equivalent motor full-load current (refer to Table 2 and Table 3) and shall also be suitable for switching the
motor locked rotor current.

11.7.2 A transfer switch shall have a short circuit withstand rating equal to or greater than that of the
controller or be adequate to provide the short circuit rating of the controller, as determined by testing per
7.1.
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12 Diesel Engine Drive Controllers

121

12.11

General

driven fire pumps; and shall comply with the requirements in Clauses 1 — 6.5 and 6.20.2.

A diesel engine drive controller may be an automatic or a non-automatic type for diesel engine

12.1.2 A voltmeter with an accuracy of £5 percent shall be provided for each battery bank to indicate the

voltage during

cranking.

12.1.3 The DC power supplies for starting the engine shall be two separate battery banks requiring two

independent c

12.1.4 Esse
exceed 0.5 an

12.2 Locked

12.2.1  All sy
lockable enclo

12.3 Field wjiring terminals

12.3.1 Field
type conducto

12.3.2 Diesq
operate pump|
when provided

12.3.3 A di¢
controller to th
19.

12.4 Startin

12.4.1 Anay

harging circuits complying with Annex A item 13

htial loads, including the engine, controller, and all pump equipment_combi
pere each for a total of 1.5 amperes, on a continuous basis.

enclosure

vitches required to keep the controller in the automatic pasition shall be log
sure and visible through a breakable, transparent cover or breakable glass par

wiring terminals shall comply with 6.4 and shall be suitable for the field wirin
S.

| engine fire pump controllers may._supply essential and necessary AC and/o
with factory-equipped dedicated field terminals and overcurrent protection.

sel engine fire pump controller terminal block arrangement to facilitate con
e engine shall include, as necessary, the terminals referenced in Figure 4. A

j and control

tomatic.controller shall also be operable as a non-automatic controller.

1242 Thep

hed, shall not

ated within a
el.

g of stranded

DC power to

room dampers, engine oil heaters and other associated required engine equipment only

nection of the
Iso see Table

rimary source of power for a diesel nnginn drive controller shall be from the o

ngine starting

batteries.

12.4.3 Upon receiving a signal to start, the controller shall crank the engine first from one battery and
then from the other (two batteries shall be supplied with the engine) on successive starting attempts. The
"attempt to start" sequence shall be fixed and shall consist of six crank periods of 15 seconds each
separated by rest periods of 15 seconds duration.

12.4.4 The controller shall be in a fully functional state within 10 seconds upon application of DC power.

12.4.5 In the event that one battery is inoperative or missing, the controller shall lock-in on the remaining
battery unit during the cranking sequence.
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12.4.6 In the event that the controller has not received a signal that the engine is running by the end of
the "attempt to start" sequence, the controller shall stop all further cranking and operate a visible indicator
and audible alarm on the controller.

12.4.7 Terminal 1 power shall be energized anytime the engine is operating from manual or automatic
from the controller.

12.4.8 Manual crank buttons shall only be operable in manual modes.
12.5 Alarm and signal devices

12.5.1  All visi

12.5.2 Combined manual and automatic controllers shall have a visible indicator(tovindlicate that the
controller is i the automatic position and a separate visible indicator to indicate that the corjtroller is in the
manual positibn. When the visible indicator is a pilot lamp, it shall be accessible ferreplacemnient.

12.5.3 Sepdrate visible indicators and a common audible alarm capable of being heard while the engine
is running anfd operable in all positions of the main switch except thexoff position shall e provided to
immediately ipdicate trouble caused by the following conditions:

a) Crit|cally low oil pressure in the lubrication system. Thé_ controller shall provide mgans for testing
the low oil pressure alarms and circuit in conjunction with.the engine circuit testing mé¢thod.

Note: The pressure switch may be tested by activating the low oil pressure light while the gngine is cranking
without sounding the system failure alarm.

b) High engine temperature.'®
c) Failure of engine to start automatically:

d) Shytdown from overspeed.

e) Batftery failure or missing -battery. Each controller shall be provided with a s¢parate visible
indicafor for each battery~The battery failure signal shall initiate at no lower than two thirds of
battery nominal voltage-rating (8.0 V DC on a 12 V DC system). Sensing shall pe delayed to
prevent nuisance signals.

f) Battery charger failure. Each controller shall be provided with a separate visible indicator for
battery charger failure and shall not require the audible alarm for battery charger failure. Manual
isolatipn of\battery chargers constitutes a battery charger failure and shall be visibly glarmed.

g) Low air or hydraulic pressure. Where air or hydraulic starting is provided, each pressure tank
shall provide to the controller separate visible indicators to indicate low pressure.

h) System overpressure, for engines equipped with pressure limiting controls, to actuate at 115
percent of set pressure.

i) Electronic/engine control module (ECM) selector switch in alternate position (for engines with
ECM controls only).

j) Fuel injection malfunction (for engines with ECM only).
k) Low fuel level signal.
[) Low engine temperature.'”

m) Supervisory signal for interstitial space liquid intrusion.'”
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n) High cooling water temperature.'”

0) Loss of electrical continuity through engine starting contactors.

p) Loss of DC power.

q) Low suction pressure, for engines equipped with low suction pressure limiting controls.

6) Item (b) of 12.5.3 originated from 12.4.1.3 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013,
Standard for Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA.
This reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by

the standard in its

entirety.
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20) 12.5.6 originat
Installation of Sta
reprinted material

Ind (n) of 12.5.3 originated from 12.4.1.4 of the 2013 edition of NFPA 20. Reprinted with permissig
br Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Rroted
reprinted material is not the complete and official position of the NFPA on the referenced

y the standard in its entirety.

parate signal silencing switch or valve, other than the controller main sw
e conditions specified in 12.5.3.18)

ed from 12.4.1.5 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2(
tionary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association,
is not the complete and official position of the NFPA on the\teferenced subject, which is repres
rety.

witch or valve shall allow the audible device to be silenced for up to 4 hours
dly for the conditions in items (a) — (d)/of 12.5.3."9

ed from 12.4.1.5.1 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2
tionary Pumps for Fire Protection, sCopyright © 2013, National Fire Protection Association,
is not the complete and official pesition of the NFPA on the referenced subject, which is repres
rety.

witch or valve shall allow the audible device to be silenced for up to 24 hours
dly for the conditions in items (e) — (n) of 12.5.3.20

ed from\12.4.1.5.2 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2
tionary\Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association,
is notthe complete and official position of the NFPA on the referenced subject, which is repres

n from NFPA 20-
tion Association,
subject, which is

itch, shall be

13, Standard for
Duincy, MA. This
bnted only by the

and then re-

13, Standard for
Duincy, MA. This
bnted only by the

5 and then re-

13, Standard for
Duincy, MA. This
bnted only by the

standard in its entlrety.

12.5.7 The audible device shall re-sound until the condition is corrected or the main switch is placed in
the off position.2"

21) 12.5.7 originated from 12.4.1.5.3 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

12.5.8 The controller shall automatically return to the nonsilenced state when the alarm(s) have cleared
(returned to normal).?
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22) 12.5.8 originated from 12.4.1.6 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

12.5.9 The switch specified in 12.5.4 shall be clearly marked as to its function.?®

23) 12.5.9 originated from 12.4.1.6.1 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

12510 In dd;t;ull t\J th\JOU UUIId;t;\JI 1o that IU\.{U;IU O;HIIG:D fUI PUIIIP CUI ItIU::UIO (= Id Ullylnes, there are
other optional| signals that may be used, depending upon local conditions. If provided these signals shall
be silenceablé. Some of these conditions are as follows, but are not limited to:

a) Low pump room temperature,

b) Relief valve discharge,

c) Flowmeter left on, bypassing the pump,

d) Water level in suction supply below normal, and

e) Water level in suction supply near depletion.?4

24) 12.5.10 origirfated from 12.4.1.7 of the 2013 edition of NFPA 20, Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright ©€.2013, National Fire Protection Association, Quincy, MA. This
reprinted materig is not the complete and official position of the /NFPA on the referenced subject, which is repregented only by the
standard in its enfirety.

12.5.11 Thelcircuit shall be arranged sothat the audible signal will be actuated if the silencing switch or
valve is in the|silent position when the(supervised conditions are normal.?®

25) 12.5.11 origirfated from 12.4.1.8 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps far Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted materig is not the complete”and official position of the NFPA on the referenced subject, which is repregented only by the
standard in its entirety.

12.6 Auxiligry contacts for remote sensors

12.6.1 Controllers shall be equipped with contacts (open, closed, or both) to operate circuits to indicate
each of the following conditions:

a) Engine running;
b) The controller main switch has been turned to "off" or "manual” position;
c) Trouble on the controller or engine (separate or common signals);

d) Loss of total power (AC and DC). This may be provided by contacts in either (b) or (c) above.

If DC battery power is lost, the relay shall be held energized and shall drop out to alarm. An audible alarm
shall be provided and powered from the AC supply.
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12.7 Pressure recorder

12.7.1 The controller shall be equipped with a pressure recording device to sense and record the
pressure in each fire pump controller pressure sensing line at the input to the controller. The pressure
recording device shall operate continuously for at least 7 d without resetting or rewinding. The pressure
recording device shall not be solely dependent upon AC electric power as a power source. Upon loss of
AC electric power, the pressure recording device shall be capable of at least 24 h of additional operation.

12.7.2 This device shall be responsive to water pressure in the fire protection system. The pressure
sensing element of the device shall be capable of a momentary surge pressure of 2,758 kPa (400 psi) or
133 percent of fire pump controller rated operating pressure, whichever is higher, without losing its

accuracy.

12.8 Weekly program timer

12.8.1 The g
30 min once a

12.8.1.1
minimum of 3(

26) 12.8.1.1 origin|
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min has expired.?®

bted from 12.7.2.7.3 of the 2013 edition of NFPA 20. Reprinted‘with permission from NFPA 20-2
tionary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, (
is not the complete and official position of the NFPA on the referenced subject, which is repres
rety.

olenoid valve drain is not required:-1&’be the initiating means for a non-pres
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13, Standard for
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of 2,758 kPa
igher, without

12.9.1.2 The pressure-activated device and solenoid valve are not required to be provided on a non-
pressure-activated controller.

12913 The

requirements of 6.20.2 apply.

12.9.2 Fire protection equipment control

12.9.2.1

Controllers with provision to supply special water control equipment (deluge valves, dry pipe

valves, etc.) may start the motor before the pressure-activated switch(es) would do so. The controller shall
be equipped to start the engine upon operation of the fire protection equipment. The starting sequence of
the controller shall be initiated by the opening of the control circuit loop containing the remote equipment.
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12.9.2.2 Sequence starting of multiple pumps: The controller for each unit of multiple pump units shall
incorporate a sequential timing device to prevent any one driver from starting simultaneously with any
other driver. If water requirements call for more than one pumping unit to operate, the units shall start at
intervals of 5 to 10 s. Failure of a leading driver to start shall not prevent subsequent drivers from starting.

12.9.3 External circuits connected to controllers

12.9.3.1  With pumping units operating singly, or in multiple, the control circuits entering or leaving the fire
pump controller and intended to extend outside the fire pump control room shall be so arranged as to
prevent failure to start due to fault. Breakage, disconnecting, shorting of the wires, or loss of power to
these circuits may cause continuous running of the fire pump, but shall not prevent the controller(s) from
starting the fire pump(s) due to causes other than these external circuits.

12.9.4 Sole[supply pumps

12.9.4.1 A rontroller intended for use with a sprinkler or standpipe system,where an |automatically-
controlled pumping unit constitutes the sole supply shall be arranged for manual|shutdown in 6.22.1.

12.9.5 Non-pressure switch actuated automatic controller

12.9.5.1 A pon-pressure switch actuated automatic controller shall be activated by a remote sensor,
such as a smpke detector, fire alarm, carbon monoxide detector/or other such device. A pfessure switch
shall not be rgquired.

12.9.5.2 The starting sequence of the controller shall.be-initiated by the opening of the remote contact(s)
of the device |n 12.6.1.

12.9.5.3 Ng other means of stopping the fire pump motor shall be provided except for those on the
controller.

12.10 Non-automatic controller

12.10.1 For|a manual electric-eontrol at the controller, there shall be a manually operateq switch on the
controller panel. This switch shall be so arranged that the operation of the engine, when mgnually started,
is not affected by the failuré.of any of the automatic circuits or pressure-activated switch. The arrangement
shall also be guch that the_unit remains in operation until manually shut down.

12.11 Methods, of.stopping

12.11.1 Manual electric stopping

12.11.1.1 Manual stopping shall be accomplished by either of the following:
a) Operation of the main switch to the off position as located in 12.2.1; or

b) Operation of a stop button located on the outside of the controller enclosure.

12.11.1.2 Manual stopping shall cause the engine shut down through the automatic standby circuits only
when all starting causes have been returned to normal. The controller shall then return to the full automatic
position.

12.11.1.3 When the controller has a means for connection of a circuit for the remote starting of the fire
pump, this means shall be such that the fire pump engine is not capable of being stopped from the remote
station.
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12.11.2 Automatic stopping after automatic start

12.11.2.1  When the controller is set up for automatic engine stopping, the controller shall stop the engine
only after all starting causes have returned to normal and a 30 min minimum run time has elapsed.

12.11.2.2 Means shall be provided to disable automatic stopping. A visible indicator shall be provided to
indicate that automatic stopping is disabled or enabled.

12.11.2.3 When the engine emergency overspeed device operates, the controller shall remove power
from the engine running devices, prevent cranking, energize the overspeed alarm, and lock out until
manually reset. Resetting of the overspeed circuit shall be required at the engine and by resetting the
controller main_switch to the off position. The controller shall not be capable of being reset until the engine
overspeed stopping device is manually reset.

12.11.2.4 The engine shall not shut down automatically on high engine temperature, Iow ofl pressure, or

high cooling water temperature when any automatic starting or running cause exists) If no other starting or
running cause exists during engine test, the engine shall shut down automatically on high water
temperature, low oil pressure, or high cooling water temperature. If after, shutdown a dtarting cause

occurs, the co
or high cooling

27) 12.11.2.4 origi
Installation of Sta
reprinted material
standard in its ent]

htroller shall restart the engine and override the high engine\temperature, loy
water temperature shutdowns for the remainder of the te§tperiod.?”

phated from 12.7.5.2 of the 2013 edition of NFPA 20. Reprinted\with permission from NFPA 20-2

tionary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association,
is not the complete and official position of the NFPA on‘the’referenced subject, which is repres
rety.

12.12 Emergency control

12.12.1 Autd
completely by

matic control circuits, the failuré.of which could prevent engine starting and rur
bassed during manual start and-run.

12.12.2 A dig¢sel engine drive controller shall comply with the marking requirements of 16.2

13 Controllgrs For Additive Pumps

131

13.1.1
requirements

General

An adlditivespump controller shall comply with the requirements in Sections 1 — 6

bpecified in Clauses 13.2 — 13.6.

oil pressure,

13, Standard for
Duincy, MA. This
bnted only by the

ning, shall be

e).

and with the

13.2 Automatic starting

13.21

In lieu of the pressure-activated switch described in 6.20.2.1, an additive pump controller shall be

provided with means for automatic activation by either a remote normally open contact or a remote
normally closed contact.

13.2.2 When the pressure-activated switch described in 6.20.2.1 is provided, the controller shall comply
with 6.20.2.5 and 6.20.2.6.
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13.3 Dump valves

13.3.1

13.3.1.1

Diesel engine drive control automatic operation

When a diesel driver is used in conjunction with a positive displacement pump having an

electrically operated dump valve, the controller shall provide a means to activate and then close the dump
valve after successful engine start has been attained.

13.3.1.2 The means shall consist of circuitry and terminals for connecting the dump valve solenoid coil.

13.3.1.3 The dump valve solenoid shall be energized by engine battery power.

13.3.1.4 Th
concurrent wi

13.3.1.5 Th
engine start ig

28) 13.3.1.5 origi
Installation of St
reprinted materig
standard in its en

13.3.2 Elect

13.3.2.1  WH
an electrically
dump valve a

2 controller circuitry shall cause the dump valve to open to unload the-pur
h the first engine cranking cycle.

np, prior to or

e controller shall provide a timing means to actuate and then close’ the dump valve after

finished.?® The timing means shall actuate upon crank disconnect:

ated from 12.7.2.5.4 of the 2010 edition of NFPA 20. Reprinted with permission from NFPA 20-3
ptionary Pumps for Fire Protection, Copyright © 2009, National Fire Protection Association,
| is not the complete and official position of the NFPA on the reférenced subject, which is repreg
firety.

ric motor drive control automatic operation

en an electric motor driver is used in_conjunction with a positive displacemen
operated dump valve, the controllet~shall provide a means to activate and
ter the motor has full voltage.

13.3.2.2 Thé means shall consist of cirguitry and terminals for connecting the dump valve s

13.3.2.3 Th
exceed 240 V

13.3.24 Th
concurrent wi

13.3.25 Th

b controller shall provide suitable voltage for the dump valve solenoid. Said p
AC.

b controller«circuitry shall cause the dump valve to open to unload the pur
h motor.paewer being applied.

e controller circuitry shall allow the motor to reach full speed and full power ca
mp-valve.

closing the dy

010, Standard for
Quincy, MA. This
ented only by the

t pump having

then close the

olenoid coil.

ower shall not

np, prior to or

pability before

13.4 Methods of stopping

13.4.1

to less than 10 min, but not less than 1 min, for an additive pump controller.

13.5 Manual operation

13.5.1

When a controller is arranged for automatic stopping as described in 6.22.2, the timer shall be set

Means shall be provided at the controller to ensure dump valve operation during manual start.
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13.6 Lockout

13.6.1  When the additive pump controller contains a lockout feature to stop the additive pump motor, the
lockout shall be indicated by a visible indicator and shall be provided with means to annunciate the
condition at a remote location.

14 Variable Speed Fire Pump Controllers
14.1 General
14.1.1 A variable speed electric motor driven fire pump controller (VSEFPC) shall comply with the

requirements of Sections 1 — 6 _and with the requirements specified in 14 2 — 14 11_Fach VSEFPC shall

consist of a full and com_plet_e fire pump controller which constitutes the "bypass" powgr path and a
variable speed power path (VSPP), with or without automatic transfer switch.

14.1.2 Both fhe bypass path and the VSPP path shall have a kW (hp) rating at.Jéast equg| to the motor
kW (hp) or, where rated in amperes, shall have an ampere rating not less than'the motor full-load current.
The VSPP path shall consist of a Variable Frequency Drive (VFD) unit and other components as specified
in 14.4.

14.2 Enviropmental

14.2.1  The gontroller shall be marked with the maximum ambient temperature rating; thig temperature
rating shall not be less than +40°C (+104°F).

14.2.2 Wher the temperature test is conducted in agecordance with 7.10, the VSPP shall bg evaluated for
suitability at the rated ambient temperature.

14.2.3 When the temperature test is conducted, particular attention shall be given to|the following
components, gpecifically, that their maximunn rated temperature shall not be exceeded:

a) The VFD variable speed drive;
b) The |ine reactor;
¢) The PC link reaetor (choke), when used;

d) The motor reactor, when used; and

€) The motor filter (dV/dT filter), when used.

14.2.4 Means shall be provided to prevent the fire pump controller internal temperature from exceeding
the temperature rating of the VFD.

14.2.5 The cooling means shall be suitable for the application and shall not compromise the enclosure
Type rating of the fire pump controller. Air conditioning shall not be permitted.

14.2.6 Pollution degree 2 shall be maintained for the VFD.
14.2.7 The VFD shall be mounted in, as a minimum, a Type 12 enclosure(s). In addition, the enclosure(s)
shall be permitted to be marked with an ingress protection (IP) rating of IP54 in accordance with Annex A,

item 42.

14.2.8 The controller shall be marked with the total, maximum heat dissipation in either BTU or watts.
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14.3 Power

14.3.1

components

14.3.2 Circuit protection

14.3.2.1

The VSPP circuit shall employ circuit protection complying with 14.3.2.2.

The bypass path shall meet all the requirements of a complete electric fire pump controller.

14.3.2.2 The circuit protection shall comply with 14.3.2.3 for proper operation at each controller rated
horsepower and voltage. Proper operation shall consist of the VSPP circuit protection opening the VSPP
before tripping of the fire pump circuit breaker.

14.3.2.3 Th
breaker, and

14.3.24 Th
motor FLA.

Note: V

14.3.25 Th

components i
Note: T
anywhe

14.3.2.6 Th
requires circu

14.3.2.7 Th

e circuit protection specified in 14.3.2.2 shall be selectively coordinated 'y
vith the isolating switch, if of the self-protecting type.

s circuit protection shall operate within 30 min at 300% and within*7 secon

FDs are self-protected only in regards to their output circuitry when fully functional.

e circuit protection specified in 14.3.2.2 shall be_installed on the line side
n the VSPP path.

his is so as to prevent the fire pump circuit breaker or isolating switch from tripping in the even
e in the VSPP circuitry, wiring, or components.

e circuit protection specified in 14.3.2:2 shall provide protection for the Vi
t protection to support the short circuitrating of the fire pump controller.

b coordination shall be in addition to that required to prevent the controller

from tripping dlue to any fault in the VSPP path.

14.3.2.8 Th
the bypass ps

14.3.2.9 WHh

b short circuit rating of-the controller is the lesser of the short circuit withstan
th and the VSPP path:

ere fuses are.used as circuit protection, they shall comply with 14.3.2.10 — 14.

ith the circuit

s at 600% of

of any other

I of a short circuit

D if the VFD

circuit breaker

d capability of

8.2.13.

14.3.2.10 There shall'be one fuse in each ungrounded conductor circuit.

143211 T

he fuse holder

l[e fuses shall comply with the requirements of Annex A, items 24 to 32, and {
ui XA :

shall comply wi

14.3.2.12 The fuses (fuseholder) shall be readily accessible for replacement.

143213 A

complete set of spare fuses shall be supplied with the controller.

14.3.2.14 There shall be a marking provided near the fuseholder specifying the class [type], amp, and
volt rating of the fuse.

14.3.3 The VFD shall be provided with a contactor on its line and load side for isolation.

14.3.3.1

The contactors of 14.3.3 shall comply with 6.17.1.
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14.3.3.2 The VFD load side contactor shall be mechanically and electrically interlocked with the bypass
contactor(s).

Note: This is to prevent the bypass contactor from back feeding power to the VFD output circuit.

14.3.4 A line reactor rated for continuous duty shall be provided. It shall be installed ahead of the VFD
and shall have a 5 percent impedance rating as a minimum.

Note 1: This is to reduce the likelihood of capacitor and rectifier damage and to avoid capacitor overvoltage shutdown of the
VFD and to reduce the input current harmonics to near sinusoidal to avoid overheating the VFD input circuit components
and wiring. This reactor is required whether or not the controller or its VFD also contain a DC link reactor, choke (inductor),
or swinging choke. By being ahead of the VFD, it protects both the input rectifiers or SCRs, as well as reducing capacitor
current (ripple current) and capacitor over-voltage (and over-voltage trip) in the energy storage capacitors. The line reactor
enhanceF TIne quality by suppressing line transients and disturbances.

Note 2: A DC link reactor or choke does not protect the input rectifiers or SCRs from line voltage transients

14.3.5 The horsepower or output rating of the VFD shall be no less than the horsepower or|current rating
of the controllg

Il

14.3.6  Wherg installed in a controller to reduce transients, impulses, or haspmonics to the motor, a motor
(load) reactor pr a motor filter (dV/dT filter) shall be rated for continuous duty.

14.4 Contro| equipment and components

14.4.1 All control devices required to keep the controller iRtautomatic operation shall be within lockable
enclosure(s) and/or include adequate password protectionimeans.

14.4.2 The [controller shall have a means of setting and displaying the desired system operating
parameters, including the set pressure.

14.4.3 The pressure feedback transducer-shall be independent of the controller pressure switch or
transducer (start and stop operation).

14.4.4 The get pressure point and\adjustment means shall be independent of the controll¢r start (pump
demand) and $top pressure settings.

14.4.5 EachVSEFPC (fire\pump controller) shall have its own pressure feed-back transduger.

1446 The |pressure feedback transducer specified in 14.4.5 shall only be used tp control the
VSEFPC.?®

29) 14.4.6 originated from 10.10.7.2 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

14.4.7 Each VSEFPC shall operate independently of any common or central control when any demand
for the fire pump to operate occurs.

14.4.8 The controller or the VFD shall have suitable pressure sensing and controlling means to control
the speed of the pump to maintain the set pressure.

14.4.9 The pressure sensing and controlling means shall have sufficient control of time constants in
order to prevent oscillation, hunting, undue overshoot, or undue undershoot of the discharge pressure
during starting and running.
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14.4.10 The controller shall have means to allow setting gain and time parameters in the field.

14.5 Mode control

14.5.1

setting is required whether the controller is set for automatic or manual stop operation.

14.5.2

bypass operation shall occur.

14.5.3
operation sh

| occur

The VFD set pressure point will normally be set above the pump start pressure setting. This

If the system pressure remains below the start pressure for more than a 15 second period, the

If the variable speed drive indicates that it is not operational within 5 seconds, the bypass

1454 The

controller shall have readily accessible means, such as a mode switch;

operating modle from VSPP operation to bypass operation.

14.5.5 Whe
speed to byp
14.5 that req
provide a res|
bypass mode

30) 14.5.5 origing
Installation of St
reprinted materig
standard in its en

14.5.6 Thes
1457 Whe
mode.

14.5.8 Whe
A specific ren

14.6 Motor

14.6.1 For ¢
(such as cont

n the manual selection means required in 14.5.4 is used to initiate @ switchove
hss mode, if the pump is running in the variable speed mode and none of th
lire the controller to initiate the bypass operation exist, the controller shall &

tart delay to allow the fire pump motor to be de-energized before it is re-en
30)

ted from 10.10.3.5 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2
ptionary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association,
| is not the complete and official position of the NERA0N the referenced subject, which is repreg
firety.

o change the

I from variable
e conditions in
e arranged to
ergized in the

013, Standard for
Quincy, MA. This
ented only by the

witching means shall be on the outside of the controller and shall be clearly identified.

h the mode switch is set.to_bypass, all start demands shall start the pump

in the bypass

h set to variable speed mode, all start demands shall start the pump in variable speed mode.

ote signal may(start the pump in bypass mode.
control

onstant torque loads or positive displacement pumps, the controller may prq

vide a means

bets or switched power) to energize an independent cooling fan or blower to k

eep the motor

from overheating when provided with factory-equipped dedicated field terminals and overcurrent

protection.

14.6.2 The factory programming of the VFD parameters shall limit the maximum motor output frequency
to the line frequency.

14.7 Signals and alarms

14.7.1

contacts (open or closed):

a) Drive failure to indicate when the drive has failed;

b) Bypass mode to indicate that the controller is in the bypass; and

The controller shall be equipped with at least the following visible indicators and individual alarm
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c) Overpressure to indicate that the system pressure exceeds 115% of the set pressure.

14.8 Skip frequencies

14.8.1

The VFD shall have means to skip over resonant frequencies (critical speeds), when present,

during motor acceleration (ramp up), speed modulation, and, if provided, motor deceleration (ramp down).

14.9 Variable mode operation

14.9.1

accelerating the motor within 10 seconds.

Readiness time: The controller, including the VFD, shall be ready for operation and begin

14.9.2 The
a) Ads
b) A pg
c)Atrg
d) Ope

e) Tran

14.9.3 The
excessive tran

14.10 Automatic transfer to bypass operation

14.10.1 If, ar
in that mode,

14.10.2 The
order.

14.10.3 The

14.10.4 The
(motor back E

bntroller (its VFD) shall allow for restarting of the motor after any of the followin
mand interruption;

wer interruption;

nsfer switch operation;

ration of the local stop pushbutton; and

sfer of the lockout contacts, if used, to the enable mode.

sient or inrush currents.

d when, the controller switchgs automatically to the bypass (full speed) mode
ntil manually reset.

bypass switching sequence shall consist of the operations in 14.10.3 — 14

g conditions:

controller shall provide positive means to, accomplish restarting of the motor without

t shall remain

}.10.5, in that

controller shallcause both isolation contactors to open.

controller'shall pause for a time period of 2 to 4 seconds to allow the motor
MF).todecay to a value that will prevent excessive inrush currents.

magnetic field

14.10.5 The controller shall then restart the fire pump with reduced in-rush starting if provided in the

bypass mode.

14.10.6 Automatic shutdown shall be permitted in bypass mode.

14.11

14.111
a) The

b) The

Marking

set pressure;

pump start pressure; and

¢) The pump stop pressure.

The controller shall be labeled with or provided with a label for marking the following parameters:
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RATING
15 Ratings

15.1 In Canada and the United States, controllers driving electric motor fire pumps shall be rated in volts,
horsepower or kilowatts and full load amperes complying with Table 2 and Table 3, frequency, and short
circuit current in amperes rms symmetrical. The rating shall indicate whether the equipment is for direct or
alternating current. The rating of alternating-current equipment shall include the number of phases.

In Mexico, controllers driving electric motor fire pumps shall be rated in volts, kilowatts, and full load
amperes complying with Table 2 and Table 3, frequency, and short circuit current in amperes rms
symmetrical. The rating shall indicate whether the equipment is for direct or alternating current. The rating
of alternating-current equipment shall include the number of phases.

Note: The rating of equipment obviously intended for single-phase use only is not required to include-the number of phases.

15.2 Contrdllers driving diesel engine fire pumps shall be rated in battery‘voltage and|control power
voltage.

15.3 With reference to 6.1.3, the enclosure of a controller shall be rated for the external |environmental
conditions for|which it is found acceptable.

MARKING
16 Markingp

16.1  All m3arkings shall be in the appropriate.language (or symbols as noted in this|standard), as
necessary, fof the country in which the fire pump controller will be installed. A manufacturer may choose to
utilize multiplg languages on a fire pump controller.

Advisory Notg: In Canada, there are two official languages, English and French, and in Mexico, the official
language is $panish. Annex C provides translations in French and Spanish of the Enﬂish markings
specified in this standard. Markings required by this standard may have to be provided in other languages
to conform with the language-requirements of the country where the product is to be used.

16.2 Contro|lers shalldoe:-marked where visible after installation with:

a) "Elgctric Fire Pump Controller" (Clause 6, Clause 10, or Clause 11);

b) "Lintited Service Controller" (Clause 8):

c) "Residential Fire Pump Controller for Installation in One- and Two-Family Dwellings and
Manufactured Homes in Accordance With NFPA 13D " (Clause 9);

d) In addition to items (a) or (b) or (f), when supplied, "Fire Pump Power Transfer Switch" (Clause
1)

e) “Diesel Engine Fire Pump Controller” (Clause 12); or

f) "Limited Service Additive Pump Controller” or “Electric Additive Pump Controller" (Clause 13).

16.3 Controllers shall also be marked where visible after installation with:

a) The manufacturer's name, trademark, or other descriptive marking by which the organization
responsible for the product is identified;
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b) Electrical ratings:
For controllers for electric motors, an additional statement "Suitable for use on a circuit
capable of delivering not more than ___ amperes rms symmetrical at __ volts AC." or"____
amperes RMS symmetrical at ___ volts AC short circuit current rating," or the equivalent.
The blank spaces shown shall have numbers filled in for each application;
¢) The model number;
d) An enclosure type number, indicating the external environmental conditions for which it is
intended. See 6.1.3;
e) Rated operating pressure;
f) Ratefl ambient temperature range; and
g) EMC immunity class A and emission class A or B environment for which it Was tested, in
accordance with Annex A, item 41. Refer to 7.17 for environment type.
16.4 Complgte instructions covering the operation of the controller shall-bg provided and ¢onspicuously

mounted on th

16.5 With re
the outside of
following or eq

"RISK OF

16.6 When the isolating switch and the circuit breaker are so interlocked that the isolati

neither be op¢g
required. Wheg
operation.

16.7 Thecir
BREAKER —
outside of the

16.8 The fire
the isolation s

e controller.

ference to 6.14.1, and except as permitted by 16.6,an isolating switch shall
the enclosure adjacent to the operating handle.with the signal word "WARN
uivalent statement:

FLECTRIC SHOCK — DO NOT OPEN OR.€LOSE THIS SWITCH WHILE THE
BREAKER (DISCONNECTING MEANS) IS IN THE CLOSED POSITION."

ned nor closed while the circuit breaker is closed, the warning label described
n omitted, the label shalkbe’replaced with an instruction label which direct

DISCONNECTING MEANS" in letters not less than 10 mm (3/8 inch) high, |
controller enclosure adjacent to the means for operating the circuit breaker.

witches, on both the controller and transfer switch, are to be opened before

be marked on
ING" and the

CIRCUIT

g switch can
in 16.5 is not
5 the order of

tuit breaker defingd,in 6.15.2 shall be provided with a nameplate with the legend "CIRCUIT

bcated on the

pump.eoentroller and transfer switch shall each have a cautionary marking t¢ indicate that

servicing the

controller, tran

sfer’switch, or motor.

16.9

In Mexico and the United States, with reference to 6.6.1, controllers shall be marked "Suitable for

Use as Service Equipment” on the outside of the controller enclosure. The marking shall be provided
separately or as part of the nameplate containing the manufacturer's name or trademark, and other
ratings. When provided on a separate label, the marking shall include the manufacturer's name or
trademark.

In Canada, this requirement does not apply.

In the United States, controllers marked "Suitable for Use as Service Equipment" shall be additionally
marked to reference Article 230 of item 2 of Annex A, for installation requirements.

16.10 In Mexico and the United States, with reference to 6.6.1, when a controller is to be used as service
equipment, a separate label containing the marking, "Service Disconnect" shall be shipped loosely with
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instructions indicating that the label is to be applied on the outside of the enclosure adjacent to the
operating handle of the isolating switch, when provided. When an isolating switch is not provided, the label
shall be applied adjacent to the operating handle of the circuit breaker.

In Canada, this requirement does not apply.

16.11  When a controller is intended for outdoor use, a marking shall be provided on the enclosure
indicating that the controller is to be used only where the temperature is not less than 4.4°C (40°F).

16.12 In Mexico and the United States, a field-wiring pressure wire connector intended to be used only
with copper conductors in accordance with 6.4.5 (a) shall be marked to indicate the use of copper
conductors only.

In Canada, th|s requirement does not apply.

16.13 In Capada, a field-wiring pressure wire connector shall be used only with‘eopper gonductors. No
marking is required to identify this condition.

In Mexico and the United States, this requirement does not apply.

16.14  An glectrical schematic/field connection diagram, indicating all internal wiring| circuits, test
terminals, prqvisions for alarm circuits, all power sources, and“Gther components, shall bg permanently
attached to the inside of the controller enclosure.

16.15 All the field wiring terminals provided in the centroller shall be plainly marked to correspond with
the field conngction diagram provided with the controlier.

16.16 Each| operating component of the centroller shall be marked to plainly indicate|an identifying
number refer¢nced on the electrical schematic field connection diagram. The marking shall be located so
as to be visiblg after installation.

16.17 For pxternal diesel engine-connections, the field connection terminals shall jbe commonly
numbered befween the controllerand engine terminals.

16.18 Eachlaccessible enclosure surface in excess of the maximum temperatures specified in Table 17
shall be marked "WARNING — HOT SURFACE - RISK OF BURN", or the equivalent.

16.19 Contmpllers shall be marked to indicate the temperature rating (60°C only, 60/75 on 75°C only) of
the field installed)conductors for which the equipment has been investigated. A field-wiring|terminal need
not be marked to indicate the temperature rating if it is intended for the connection of a control circuit
conductor only.

16.20 If a fuse used to determine compliance with item 3 of Table 15 is a Class G or K, there shall be a
marking near the fuseholder specifying the class of the replacement fuse.

16.21 The emergency run mechanical control described in 6.21.3, shall be marked as to function and
operation.3"

31) 16.21 originated from 10.5.3.2.4 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.
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16.22 A combination fire pump controller/transfer switch of a design such that it is not compatible for use
with both a generator and second utility shall be marked to indicate that the alternate source shall be
provided by a second utility power source.??

32) 16.22 originated from 10.8.3.7.3 of the 2013 edition of NFPA 20. Reprinted with permission from NFPA 20-2013, Standard for
Installation of Stationary Pumps for Fire Protection, Copyright © 2013, National Fire Protection Association, Quincy, MA. This
reprinted material is not the complete and official position of the NFPA on the referenced subject, which is represented only by the
standard in its entirety.

16.23 All fire pump controllers shall be provided with a warning marking to alert qualified persons of
potential electric arc flash hazards. The marking shall be located so as to be clearly visible to qualified
persons before examination, adjustment, servicing, or maintenance of the equipment.

Routine Tests
17 Routine Tests

17.1 Dielectric withstand testing shall be conducted on 100 percent of production units in accordance
with 7.4.

TABLES AND FIGURES

Table 1
Minimum acceptable’spacings

(See 6.2.1.and 6.2.4)

Minimum spacings, mm (inch)

Potential involved volts Generalequipment Devices having limited rating|(clause 6.2.4)

rms AC of DC 51-150 151 -300 301 - 600 51-150 151 -300 301 -600

Between any Through | 3.0  (1/8) 6.3 (1/4) 9.4 (3/8) | 1.52 (1/16) | 1.52 (1/16)| 4.6® (3/16)
uninsulated live | air or oil

part and an a a

Uninsulated live Over 6.3 (1/4) 9.4 (3/8) 127 (1/2) | 3.0 (1/8) 3.0 (1/8) 9.4 (3/8)
A surface

part of opposite

polarity,

uninsulated

grounded part
other than the
enclosure, or
exposed metal
part

Between any Shortest | 12.7 (172) | 127  (1/2) 12.7  (1/2) 6.3 (1/4) 6.3 (1/4) 127 (1/2)
uninsulated live | distance
part and the
walls of a metal
enclosure
including fittings
for conduit or
armoured
cable®

NOTES
1 A slot, groove, or the like, 0.33 mm (0.013 inch) wide or less in the contour of insulating material shall be disregarded.

Table 1 Continued on Next Page
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Table 1 Continued

Minimum spacings, mm (inch)

Potential involved volts

General equipment Devices having limited rating (clause 6.2.4)

rms AC or DC 51

-150 | 151-300 301 - 600 51-150 | 151-300 | 301-600

2 An air space of 0.33 mm (0.013 inch) or less between a live part and an insulating surface shall be disregarded for the purpose of

measuring over surface spacings.

2 The spacing between field wiring terminals of opposite polarity and the spacing between a field wiring terminal and a grounded
dead metal part shall be at least 6.3 mm (1/4 inch) if short circuiting or grounding of such terminals can result from projecting
strands of wire. For circuits involving no potential greater than 50 V rms AC or DC, spacings at field wiring terminals may be 3.0 mm
(1/8 inch) through air and 6.3 mm (1/4 inch) over surface.

b For the purpose of this requirement, a metal piece attached to the enclosure

deformation of the est o-redd paeigsb Parts
Table 2
Full-load motor-running currents in amperes corresponding to various‘AC kilowatt and
horsepower ratings
(See 6.4.1,6.14.1,7.10.5, 11.7.1, and 15.1)
Rated Guide values of rated operational currents at
operational 110 - 220 - 380 — 440 - 550 —
power kW hp{ [ 120v | 200v | 208v | 230v | 240v® | 415v%¢ | 400v | 480v | 500V | |eoov | 690V
3 3 3 3 3 3 3 3 3 3 3
kW hp phase | phase | phase | phase | phase phase phase | phase | phase | phase | phase
0.06 - - - - 0.35 - - 0.20 - 0.16 - 0.12
0.9 - - - - 0.52 ~ - 0.30 - 0.24 - 0.17
0.12 - - - - 0.70 - - 0.44 - 0.32 - 0.28
0.18 - - - - 1.0 - - 0.60 - 0.48 - 0.35
0.25 - - - - 1.5 - - 0.85 - 0.68 - 0.49
0.37 - - - - 1.9 - - 1.10 - 0.88 - 0.64
- 112 4.4 2.5 2.4 - 2.2 1.3 - 1.1 - 0.9 -
0.55 - - - - 2.6 - - 1.5 - 1.2 - 0.87
- 3/4 6.4 3.7 3.5 - 3.2 1.9 - 1.6 - 1.3 -
- 1 8.4 4.8 4.6 - 4.2 2.5 - 2.1 - 1.7 -
0.75 - - - - 3.3 - - 1.9 - 1.5 - 1.1
1.1 - - - - 4.7 - - 2.7 - 2.2 - 1.6
- 1-1/2 12.0 6.9 6.6 - 6.0 3.6 - 3.0 - 24 -
- 2 43-6 75 75 = 68 44 = 34 = 2.7 -
1.5 - - - - 6.3 - - 3.6 - 2.9 - 2.1
2.2 - - - - 8.5 - - 4.9 - 3.9 - 2.8
- 3 19.2 11.0 10.6 - 9.6 5.8 - 4.8 - 3.9 -
3.0 - - - - 11.3 - - 6.5 - 5.2 - 3.8
4 - - - - 15 - - 8.5 - 6.8 - 4.9
- 5 30.4 17.5 16.7 - 15.2 9.2 - 7.6 - 6.1 -
5.5 - - - - 20 - - 11.5 - 9.2 - 6.7
- 7-1/2 44.0 25.3 24.2 - 22.0 13.3 - 11.0 - 9.0 -
- 10 56.0 32.2 30.8 - 28.0 16.9 - 14.0 - 11.0 -
75 - - - - 27 - - 15.5 - 124 - 8.9
11 - - - - 38.0 - - 22.0 - 17.6 - 12.8

Table 2 Continued on Next Page
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Table 2 Continued
Rated Guide values of rated operational currents at
operational 110 - 220 - 380 — 440 - 550 —
power kW hp® 120V 200V 208V 230V 240V | 415VP° 400V 480V 500V 600V 690 V
3 3 3 3 3 3 3 3 3 3 3
KW hp phase | phase | phase | phase | phase phase phase | phase | phase | phase | phase
- 15 84 48.3 46.2 - 42.0 254 - 21.0 - 17.0 -
- 20 108 62.1 59.4 - 54.0 32.7 - 27.0 - 22.0 -
15 - - - - 51 - - 29 - 23 - 17
18.5 - - - - 61 - - 35 - 28 - 21
- 25 134 782 74 8 - 68 411 — 34 - 27 -
22 - - - - 72 - - 41 - 33 - 24
- 30 160 92 88 - 80 48.4 - 40 £ 32 -
- 40 208 120 114 - 104 62.9 - 52 —~ 41 -
30 - - - - 96 - - 55 - 44 - 32
37 - - - - 115 - - 66 - 53 - 39
- 50 260 150 143 - 130 78.7 - 65 - 52 -
- 60 - 177 169 - 154 93.2 - 77.0 - 52.0 -
45 - - - - 140 - - 80 - 64 - 47
55 - - - - 169 - - 97 - 78 - 57
- 75 - 221 221 - 192 116 - 96 - 77 -
- 100 - 285 273 - 248 150 - 124 - 99 -
75 - - - - 230 - - 132 - 106 - 77
90 - - - - 278 - - 160 - 128 - 93
- 125 - 359 343 - 32 189 - 156 - 125 -
110 - - - - 340 - - 195 - 156 - 113
- 150 - 414 396 - 360 218 - 180 - 144 -
132 - - - - 400 - - 230 - 184 - 134
- 200 - 552 528 - 480 290 - 240 - 192 -
150 - - - < - - - - - - - -
160 - - - - 487 - - 280 - 224 - 162
185 - - - - - - - - - - - -
- 250 - - - - 604 365 - 302 - 242 -
200 - - - - 609 - - 350 - 280 - 203
220 - - - - - - - - - - - -
- 300 - - - - 722 437 - 361 - 289 -
250 - = = = 48 = = 436 = Fd4 - 250
280 - - - - - - - - - - - -
- 350 - - - - 828 501 - 414 - 336 -
- 400 - - - - 954 577 - 477 - 382 -
300 - - - - - - - - - - - -
315 - - - - 940 - - 540 - 432 - 313
- 450 - - - - 1,030 623 - 515 - 412 -
335 - - - - - - - - - - - -
355 - - - - 1,061 - - 610 - 488 - 354
- 500 - - - - 1,180 714 - 590 - 472 -
375 - - - - - - - - - - - -

Table 2 Continued on Next Page
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Table 2 Continued
Rated Guide values of rated operational currents at
operational 110 - 220 - 380 - 440 - 550 —
power kW hp® | 120v 200V 208V 230V 240V® | 415V°° | a0o0v 480V 500 V 600V 690 V
3 3 3 3 3 3 3 3 3 3 3
kW hp phase | phase | phase | phase | phase phase phase | phase | phase | phase | phase
400 - - - - 1,200 - - 690 - 552 - 400
425 - - - - - - - - - - - -
450 - - - - - - - - - - - -
475 - - - - - - - - - - - -
500 — 1 ‘/179 850 880 — 493
530 - - - - - - - - - - - -
560 - - - - 1,652 - - 950 - 760 - 551
600 - - - - - - - - - = - -
630 - - - - 1,844 - - 1,060 — 848 - 615
670 - - - - - - - - - - - -
710 - - - - 2,070 - - 1,190 - 952 - 690
750 - - - - - - - - - - - -
800 - - - - 2,340 - - 1,346 - 1,076 - 780
850 - - - - - - - - - - - -
900 - - - - 2,640 - - 1,518 - 1,214 - 880
950 - - - - - - - - - - - -
1,000 - - - - 2,910 - - 1,673 - 1,339 - 970
@ To obtain full-Ipad currents for 265 and 277 V motors, decrease-corresponding 220 — 240 V ratings by 13 and 17 |percent,
respectively.
® These voltagek are not used in North America, and are(provided for reference only.
¢ Current valueq shown are applicable for NEMA Design B motors with starting codes F and G only. For all other njotors further
investigation is fequired.
9 Preferred ratefl values according to item 39 in Annex A.
¢ Horsepower apd currents values according to item 9 in Annex A, (60 Hz).
Table 3
Full-load motor<running currents in amperes corresponding to various AC kilowatt and
horsepower ratings
(See 6.4.1,6.14.1,7.10.5, 11.7.1, and 15.1)
Rated Guide values of rated operational currents at
oomer kW hpe | 110~ 220 | 380- 440 - 550 -
120V 200V 208V 230V 240V? | 415V°° | 400V 480V | 500V 600V | 690V
1 1 1 1 1 1 1 1 1 1 1
KW hp phase | phase | phase | phase | phase phase phase | phase | phase | phase | phase
0.06 - - - - - - - - - - - -
0.9 - - - - - - - - - - - -
0.12 - - - - - - - - - - - -
0.18 - - - - - - - - - - - -
0.25 - - - - - - - - - - - -
0.37 - - - - - - - - - - - -

Table 3 Continued on Next Page
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Table 3 Continued

Rated Guide values of rated operational currents at
operational
power kW hp® 110 - 220 - 380 - 440 - 550 -
120V 200V 208V 230V 240V | 415V™ 400V 480V | 500V 600V | 690V
1 1 1 1 1 1 1 1 1 1 1
kW hp phase | phase | phase | phase | phase phase phase | phase | phase | phase | phase
- 1/2 9.8 5.6 5.4 - 4.9 3.0 - 2.5 - 2.0 -
0.55 - - - - - - - - - - - -
- 3/4 13.8 7.9 7.6 - 6.9 4.2 - 3.5 - 2.8 -
- 1 16.0 9.2 8.8 - 8.0 4.8 - 4.0 - 3.2 -
0.75 - = = = = = = = = = - -
1.1 - - - - - - - - - - - -
- 1-1/2 20.0 11.5 11.0 - 10.0 6.1 - 5.0 £ 4.0 -
- 2 24.0 13.8 13.2 - 12.0 7.3 - 6.0 ~ 4.8 -
1.5 - - - - - - - - - - - -
2.2 - - - - - - - - - - - -
- 3 34.0 19.6 18.7 - 17.0 10.3 - 8.5 - 6.8 -
3.0 - - - - - - - - - - - -
4 — — — — — — — l — — — —
- 5 56.0 322 30.8 - 28.0 16.9 - 14.0 - 11.2 -
55 - - - - - - - - - - - -
- 7-1/2 80.0 46.0 44.0 - 40.0 254 - 21.0 - 16.0 -
- 10 100.0 57.5 55.0 - 50.0 31.5 - 26.0 - 0.0 -
7.5 - - - - - - - - - - - -
11 - - - - - £ - - - - - -
- 15 135 - - - 68.0 411 - 34.0 - 7.0 -
- 20 - - - ~ 88.0 53.2 - 44.0 - 35.0 -
15 - - - - - - - - - - - -
18.5 - - - - - - - - - - - -
- 25 - - - - 110 66.6 - 55 - 44 -
22 - - - - - - - - - - - -
- 30 - - - - 136 82.3 - 68 - 54 -
- 40 - O - - 176 106 - 88 - 70 -
30 - - - - - - - - - - - -
37 - - - - - - - - - - - -
- 50 — - - - 216 131 - 108 - 86 -
& To obtain full-ldad-cu i ; bercent,
respectively.

® These voltages are not used in North America, and are provided for reference only.

¢ Current values shown are applicable for NEMA Design B motors with starting codes F and G only. For all other motors further
investigation is required.

4 Preferred rated values according to item 39 in Annex A.

¢ Horsepower and currents values according to the item 22 in Annex A, (60 Hz).
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Table 4
Wire bending space at field wiring terminals?
(See 6.7.1)
Minimum bending space, terminal to wall, in mm and inches
Wires per terminal
Size of wire 1 2 3
mm? AWG or mm in mm in mm in
MCM
21-53 14-10 - - - - - -
8.4-133 8-6 38 1-1/2 - — - -
21.2-26.7 4-3 51 2 - - - -
33.6 2 64 2-1/2 - - e -
424 1 76 3 - - £ -
53.5 1/0 127 5 127 5 178 7
67.4 2/0 152 6 152 6 191 7-1/2
85.0 3/0 178 7 178 7 203 8
107.2 4/0 178 7 178 7 216 8-1/2
127 250 203 8 203 8 229 9
152 300 254 10 254 10 279 1
177 350 305 12 305 12 330 13
203 400 305 12 308 12 356 14
253 500 305 12 305 12 381 15
304 600 356 14 406 16 457 18
355 700 356 14 406 16 508 20
380 —-405 750 — 800 457 18 483 19 559 22
456 900 457 18 483 19 610 24
@ Equipment intgénded for installation in Canada may comply with reference item 20 in Annex A.
Table 5
Ampacity of insulated conductors for field wiring
(See 6.4.1,7.1.4,and 7.10.14)
Wire size 60°C 75°C
mm? (AWG or kcmil) Copper Aluminum? Copper Aluminum?¢
0.20 22) 2 = = -
0.32 (22) 3 - - -
0.52 (20) 5 - - -
0.82 (18) 7 - - -
1.3 (16) 10 - - -
2.1 (14) 15 - 15 -
3.3 (12) 20 15 20 15
53 (10) 30 25 30 25
8.4 (8) 40 30 50/45° 40/30P
13.3 (6) 55 40 65 50

Table 5 Continued on Next Page
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Table 5 Continued
Wire size 60°C 75°C
mm? (AWG or kcmil) Copper Aluminum?® Copper Aluminum?4
21.2 4) 70 55 85 65
26.7 3) 80 65 100 75
33.6 (2) 95/100° 75 115 90
42.4 1) 1102 85° 130 100
53.5 (1/0) - - 150 120
67.4 (2/0) - - 175 135
85.0 346} 200 155
107 (4/0) - - 230 180
127 (250) - - 255 205
152 (300) - - 285 230
177 (350) - - 310 250
203 (400) - - 335 270
253 (500) - - 380 310
304 (600) - - 420 340
355 (700) - - 460 375
380 (750) - - 475 385
405 (800) - = 490 395
456 (900) - - 520 425
506 (1,000) - - 545 445
633 (1,250) - - 590 485
760 (1,500) - - 625 520
887 (1,750) + - 650 545
1010 (2,000) - - 665 560
NOTES
1 For a multiple ¢onductor connector at ajterminal, the value shall be multiplied by the number of conductors that the terminal will
accommodate 58.5 mm? (1/0 AWG) onlarger.
2 These values ¢f ampacity apply:only if not more than three conductors will be field-installed in the conduit. If four pr more
conductors, othgr than a neutrat-that carries the unbalanced current, will be installed in a conduit (as can occur because of the
number of condyit hubs provided in an outdoor motor control centre because of the number of wires necessary in dertain
polyphase systems, or‘other reasons) the ampacity of each of those conductors is 80% of the value given in the talple if 4 — 6
conductors are ipvolved; 70% of that value if 7 — 24 conductors, 60% of that value if 25 — 42 conductors, and 50% ¢f that value if
43 or more condjctors.

b Differences are from item 2 in Annex A.
¢ See product standard for specific application.

4 ltem 2 in Annex A requires copper conductors only for fire pump service.

2 If the motor control centre is marked to indicate that 75°C (167°F) wire shall be used at the terminal, the acceptable current is
130 A for a copper conductor and 100 A for an aluminum conductor.
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Table 6
Standard short circuit test values
(See 7.1.7)
Rating,
kW Horsepower Test current, amperes? Power factor

0-0.7 0-1° 1,000 0.70-0.80
1.1-37.3 1.5-50 5,000 0.70-0.80
39149 51-200 10,000 0.70-0.80
150 — 298 201 —400 18,000 0.25-0.30
299 {447 401—-600 30,000 0.20 or less
448 4671 601 —-900 42,000 0,20 or less
672 —[1193 901 — 1600 85,000 0.20or less

@ Symmetrical r
® At 300 V or leq

NS amperes.

S.

Size of 4

Table 7

(See 6.5.4 and 6.5.5)

onding, equipment grounding, grounding electrode/conductors, and gro

und bus?®

Size of equipment grounding or Size of grounding electrode Size of main bonding jumper,

. bonding conductor, minimum conductorminimum mm? (AWG minimum mm? (AWG or kcmil)

Maximum 2 . X
mm* (AWG or kcmil)? or kemil)
ampere
rating® Copper Aluminum Copper Aluminumf Copper Aluminumf
15 2.1°(14°) 3.3°(129) - - - -
20 [2.119 3.3°([14]° | [3.3]95.3° ([12}¢ - - - -
12°) 10°)
30 [3.3195.3°([12]° | [5.3]° 8.4°([10]° - - - -
10°) 8°)

40 5.3°(10°% 8.4°(8°) - - _ _

60 5.3°(10°) 8.4° (8% - - - -

90 8.4 (8) 13.3 (6) 8.4 (8) 13.3 (6) 8.4 (8) 13.3 (6)
100 8.4.(8) 13.3 (6) 13.3 (6) 21.2(4) 13.3 (6) 21.2(4)
150 13.3 (6) 21.2(4) 13.3 (6) 21.2(4) 13.3 (6) 21.2(4)
200 13 3 (R) 212 (4) 212 (4) 336(2) 212 (4) 33.6(2)
300 21.2 (4) 33.6 (2) 33.6 (2) 53.5 (1/0) 33.6 (2) 53.5 (1/0)
400 26.7 (3) 42.4 (1) 53.59 (1/0%) 859 (3/0%) 53.59 (1/0%) 859 (3/0%)
500 33.6 (2) 53.5 (1/0) 53.5 (1/0) 85 (3/0) 53.5 (1/0) 85 (3/0)
600 42.4 (1) 67.4 (2/0) 67.4 (2/0) 107 (4/0) 67.4 (2/0) 107 (4/0)
800 53.5 (1/0) 85 (3/0) 67.4 (2/0) 107 (4/0) 67.4 (2/0) 107 (4/0)
1000 67.4 (2/0) 107 (4/0) 85 (3/0) 127 (250) 85 (3/0) 127 (250)
1200 85 (3/0) 127 (250) 85 (3/0) 127 (250) 127° (250°) 127 (250)
1600 107 (4/0) 177 (350) 85 (3/0) 127 (250) 152° (300°) 203° (400°)
2000 127 (250) 203 (400) 85 (3/0) 127 (250) 203° (400°) 253° (500°)

Table 7 Continued on Next Page
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Table 7 Continued
Size of equipment grounding or Size of grounding electrode Size of main bonding jumper,
Maxi bonding conductor, minimum conductor, minimum mm? (AWG minimum mm? (AWG or kcmil)
aximum mm? (AWG or kcmil)? or kemil)
ampere
rating® Copper Aluminum Copper Aluminumf Copper Aluminum’
2500 177 (350) [253]° 304 85 (3/0) 127 (250) 253° (500°) 355° (700°)
([500]¢ 600)
3000 203 (400) 304 (600) 85 (3/0) 127 (250) 304° (600°) 380° (750°)
4000 253 (500) 405 (800) 85 (3/0) 127 (250) 380° (750°) 507° (1000°)
5000 355 (700) [507]9 608 85 (3/0) 127 (250) 456 (900) 633 (1250)
([1000]° 1200)
6000 405 (800) [633]° 608 85 (3/0) 127 (250) 633 (1250) 760 (1500)
([1250]° 1200)
@ See Table 8 forl equivalent area of bus. Size of ground bus shall be in accordance with Table 8 based orf colimns|1 — 3 of Table
7.

® Maximum amp

¢ In Mexico and {
Canada.)

4 |f the ampere r.
copper conductd
values may be rg

€ The cross-sect
(copper or alumi
conductors is lim

f Aluminum is no
9In Canada, the

bre rating of centre or circuit overcurrent device ahead of equipment-grounding means.
he United States, values are applicable to equipment-grounding conductors anly. (NOTE c does n

hting is 400 and the wire terminal connectors for the main service conductors are rated for two 85 1
rs or two 127 mm? (250 kemil) aluminum conductors but will not accept a 304 mm? (600 kcmil) cor
duced to 33.6 mm? (2 AWG) copper or 53.5 mm? (1/0 AWG) alurdintim.

on may be reduced to 12.5% of the total cross-section of the largest main service conductor of the
hum) for any phase on centres rated 1200 A and over. This applies when the cross-section of the §
ited by the wire terminal connectors provided.

permitted in Canada.
values in brackets [xx] apply.

bt apply in

hm? (3/0 AWG)
ductor, these

same material
ervice

Table 8
Equivalent cross-sectional areas
(See Table 7)
Wille size mm? Minimum cross-section
(AWG or kemil) mm? (in?)
2.1 (14) 2.08 (0.003)
3.3(12) 3.31 (0.005)
5.3 (10) 5.26 (0.008)
8:4.(8) 8.39 (0.013)
13.3 (6) 13.55 (0.021)
21.2 (4) 21.29 (0.033)
26.7 (3) 26.45 (0.041)
33.6(2) 33.55 (0.052)
42.4 (1) 42.58 (0.066)
53.5 (1/0) 53.55 (0.083)
67.4 (2/0) 67.74 (0.105)
85 (3/0) 85.16 (0.132)
107 (4/0) 107.10 (0.166)
127 (250) 126.45 (0.196)

Table 8 Continued on Next Page
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Table 8 Continued

Wire size mm?

Minimum cross-section

2

(AWG or kcmil) mm (in?)

152 (300) 152.26 (0.236)

177 (350) 177.42 (0.275)

203 (400) 202.58 (0.314)

253 (500) 253.55 (0.393)

304 (600) 304.0 (0.471)

355 (700) 354.84 (0.550)

380-(750) 38000 (6-589)

405 (800) 405.16 (0:628)

507 (1000) 506.45 (0.785)

08 (1200) 607.73 (0.942)

33 (1250) 632.90 (0.981)

760 (1500) 760.00 (1.178)

87 (1750) 887.00 (1.374)

1010 (2000) 1013.00 (3.100)

Table 9
Ampacities of insulated conductors, used within enclosures
(See6:8.3)
Copductor size Conductor size
AWG or kemjl (mm?) Ampacity AWG or kemil (mm?) Ampacity
18 (0.82) 7 3/0 (85.0) 260
16 (1.3) 10 4/0 (107.2) 300
14 (2.1) 20 250 (127) 340
12 (3.3) 25 300 (152) 375
10 (5.3) 40 350 (177) 420
8 (8.4) 60 400 (203) 455
6 (13.3) 80 500 (253) 515
4 (21.2) 105 600 (304) 575
3 (26.7) 120 700 (354) 630
2 (33.6) 140 750 (380) 655
1 (42.4) 165 800 (406) 680
1/0 (53.5) 195 1000 (508) 780
2/0 (67.4) 225
NOTES

2 These values of ampacity apply only if not more than three conductors are field-installed in the conduit. If four or more
conductors, other than a neutral that carries the unbalanced current, are installed in a conduit (as can occur because of the
number of conduit hubs provided in outdoor equipment, the number of wires necessary in certain polyphase systems, or other
reasons), the ampacity of each of the conductors is: 80 percent of these values if 4 — 6 conductors are involved, 70 percent of
these values if 7 — 24 conductors are involved, 60 percent of these values if 25 — 42 conductors are involved, and 50 percent of
these values if 43 or more conductors are involved.

1 For multiple-conductors of the same size (1/0 AWG or larger) at a terminal, the ampacity is equal to the value in the table for that
conductor multiplied by the number of conductors that the terminal will accommodate.
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Table 10

Recommended high fault short circuit ratings

(See 7.1.8)

High fault short circuit ratings®

10,000 25,000 65,000
14,000 30,000 85,000
18,000 35,000 100,000
20,000 42,000 125,000
22,000 50,000 150,000
- - 200,000
& Symmetrical rnps amperes.
Table 11
Minjmum spacings between traces of opposite polarity on printed'wiring boards
(See 6.2.2)
Transient voltage no limited Transient voltage limited®
Volts,” rms of DC Coated® mm Uncoated mm Coated® mm Ungoated mm
10 0.08 0.4 0.025 0.04
12.5 0.09 0.42 0.025 0.04
16 0.1 0.45 0.025 0.04
20 0.11 048 0.025 0.04
25 0.125 0.5 0.025 0.04
32 0.14 0.53 0.025 0.04
40 0.16 0.8 0.025 0.04
50 0.18 0.85 0.025 0.04
100 0.25 1.0 0.1 0.16
125 0.28 1.05 0.16 0.25
160 0.32 1.1 0.24 0.4
200 0.42 1.4 0.40 0.63
250 0.56 1.8 0.56 1.0
320 0.75 22 0.75 1.6
400 1.0 2.8 1.0 2.0
500 13 3.6 13 2.5
630 1.8 4.5 1.8 3.2
800 24 5.6 24 4.0
1,000 3.2 71 3.2 5.0
1,250 4.2 9.0 - -
1,600 5.6 11.0 - -
2,000 7.5 14.0 - -
2,500 10.0 18.0 - -
3,200 12.5 22.0 - -
4,000 16.0 28.0 - -
5,000 20.0 36.0 - -

Table 11 Continued on Next Page
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Table 11 Continued

Transient voltage no limited

Transient voltage limited®

Volts,? rms or DC Coated® mm Uncoated mm Coated® mm Uncoated mm
6,300 25.0 45.0 - -
8,000 32.0 56.0 - -

Note:

Linear interpolation of values is permitted.

@ Between the traces where spacing is measured.

¢ The coating sHall comply with the requirements of Clause 7.12.

® The maximum recurring peak voltage shall not exceed the applicable value specified in Table 6.3 in accordance with item 37 in
Annex A, when tested in accordance with the Recurring Peak Voltage Determination Test, in accordance with item 37 in Annex A,
Section 9, excepta coated printed wiring hoard shall he tested in the uincoated condition

Table 12

Test voltages for verifying clearances

(See 7.9.3)

Specified minimum through-air
spacing, mm

Test voltages for use at a 2000 m elevation, kV?

(See 7.9.3 and Table 12)

AC impulse, AC peak, or DC AC rms|
0.4 1.5 1.1
0.8 1.9 1.3
1.6 27 1.9
2.4 3.5 25
3.2 4.3 3.0
4.8 5.6 4.0
6.4 6.8 4.8
9.5 8.8 6.3
12.7 11.2 7.9
@ See Table 13 for other elevations.
Table 13

Test voltages for verifying clearances at altitudes other than 2000 m

Specified Test voltages, kV

minimum .

through- AC impulse, AC peak, or DC AC rms
air

spacing,
mm

Altitude, m Altitude, m
Sea level 200 500 1000 Sea level 200 500 1000

0.4 1.7 1.7 1.7 1.6 1.2 1.2 1.2 1.2
0.8 2.2 2.1 2.1 2.0 15 1.5 1.5 14
1.6 3.3 3.3 3.2 3.0 2.4 2.3 2.3 2.1
2.4 4.4 4.3 4.1 3.9 3.1 3.0 29 2.8

Table 13 Continued on Next Page
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